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1 INTRODUCTION 

The Caltrans Stormwater Monitoring Guidance Manual (Manual) is an update of the 
Caltrans Comprehensive Protocols Guidance Manual (Caltrans 2003a). 

The Manual provides guidance for California Department of Transportation 
(Department) staff and consultants to use in the planning and implementation of the 
Caltrans Stormwater Monitoring Program (Program). The Program provides statewide 
support for implementing the Caltrans Stormwater Management Plan and assists the 
Department in complying with various regulatory and legal requirements. 

Data produced as part of the monitoring program must satisfy the objectives defined in 
the Caltrans Stormwater Management Plan and the current Caltrans National Pollutant 
Discharge Elimination System (NPDES) Permit (State Water Resources Control Board 
[State Water Board] 2013). Program data must be scientifically defensible so they can 
be used for regulatory purposes, and the data must be as representative as possible of 
actual environmental conditions. In addition, program data must be produced using 
consistent sample collection and analytical protocols so they can be compared in a 
meaningful way. 

The purpose of this manual is to provide guidance on standardized procedures for 
sample collection, sample analysis, and data reporting to ensure all monitoring is 
performed in a consistent way throughout the state and monitoring data are of 
satisfactory quality. This manual also provides guidance on data quality objectives that 
should be adhered to by all program laboratories and information on other aspects of 
stormwater monitoring, such as equipment maintenance, training, and health and 
safety. 

1.1 MONITORING OBJECTIVES 
Stormwater monitoring is conducted by Caltrans to achieve one or more of the following 
objectives: 

• Characterize stormwater discharges. 

• Comply with regulatory requirements. 

• Evaluate the design and performance of stormwater-related best management 
practices (BMPs). 
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For detailed guidance on planning and conducting BMP pilot studies, the reader should 
first consult the Caltrans BMP Pilot Study Guidance Manual (Caltrans 2009a), also 
referred to as the PSGM in this document. 

1.2 TYPES OF MONITORING 
This manual contains guidance for monitoring of stormwater and gross solids. 
Stormwater monitoring consists of collecting water samples from a discharge stream 
and analyzing them for physical, chemical, and biological characteristics. Gross solids 
monitoring consists of collecting samples of litter and vegetation from trash collection 
systems and assessing them for chemical composition and for physical characteristics 
such as weight and volume. Other types of monitoring, such as sediment monitoring 
and bioassessment, are not covered in this manual. 

1.3 HOW TO USE THIS MANUAL 
This manual is intended to provide step-by-step guidance for planning and 
implementing a stormwater or gross solids monitoring program that is tailored to 
transportation-related facilities, as shown in Figure 1-1. 

This manual is organized into three parts: 

• Part I: Planning. This material is presented in Chapter 2 through Chapter 7 and is 
intended primarily for characterization studies. For planning BMP pilot studies, 
the user should refer to the Pilot Study Guidance Manual. 

• Part II: Monitoring. This material is presented in Chapter 8 through Chapter 12, 
and covers topics such as monitoring methods and equipment, training, pre-
storm preparation, sample collection, and quality control. 

Part III: Reporting. This material is presented in Chapter 13 through Chapter 14, and 
covers topics such as post-storm memoranda, laboratory data deliverables, data 
evaluation, and reporting. The guidance for gross solids monitoring is presented 
separately in Chapter 15. 

Figure 1-1 guides the user through the planning, preparation and logistics, monitoring, 
and reporting processes, and shows which chapters of this manual contain the material 
for each step. 
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1.4 OTHER RESOURCES 
A great deal of technical literature exists on the science of environmental monitoring. 
For further information, the reader may find it useful to refer to the sources listed on the 
References page of this document. The following list of resources may be especially 
helpful: 

• BMP Pilot Study Guidance Manual (Caltrans 2009a). Chapters 1, 2, 3, 4, 7, and 
8 are relevant for monitoring projects 

• California Department of Transportation Statewide Stormwater Management 
Plan (Caltrans 2003b) 

Additional websites of value include: 

• Caltrans Division of Environmental Analysis: http://www.dot.ca.gov/hq/env  

• Caltrans Standard Environmental Reference: http://www.dot.ca.gov/ser/  

• USEPA: Guidelines Establishing Test Procedures for the Analysis of Pollutants 
Under the Clean Water Act: 
http://water.epa.gov/scitech/methods/cwa/upload/methods_prepub.pdf  

• USGS: National Field Manual for the Collection of Water-Quality Data: 
http://water.usgs.gov/owq/FieldManual/  

• American Society of Civil Engineers: https://www.asce.org  

• California Stormwater Quality Association: https://www.casqa.org/ 

  

http://www.dot.ca.gov/hq/env
http://www.dot.ca.gov/ser/
http://water.epa.gov/scitech/methods/cwa/upload/methods_prepub.pdf
http://water.usgs.gov/owq/FieldManual/
https://www.asce.org/
https://www.casqa.org/
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Figure 1-1  Stormwater Monitoring Guidance Manual Organization
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2 DEVELOPMENT OF THE STUDY PLAN 

The Study Plan is the initial planning document for a monitoring project. It is written at 
the beginning of the project and provides a framework for implementing the project. This 
document addresses the questions that drive a monitoring project, such as: 

• What problem is being addressed?  

• What question(s) must be answered? 

• What is the specific goal of the project? 

• What data are required to answer the study questions? 

• How will the data be used? 

• What resources, such as money, equipment, and personnel, will be required, and 
what resources are available? 

These kinds of questions must be answered before the initial stage of planning begins 
so the project planning team has a clear understanding of what will be required and 
what resources they have.  

The initial stages of the planning phase consist of understanding the problem or 
question that drives the study, evaluating what data will be required to answer the study 
question, and determining what monitoring methods can be used to produce the 
required data.  

Although this phase of the project occurs before any monitoring is performed, the 
project planning team should include individuals who have field experience in 
stormwater monitoring. An experienced field technician may see potential pitfalls in the 
study approach that might not be obvious to the rest of the project development team. 

The process of developing a Study Plan shown in Figure 2-1 can be broken down into 
the following eight steps: 
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Figure 2-1  Process for Developing a Study Plan 
The planning steps shown in Figure 2-1 are only guidelines. For projects such as permit 
compliance required by the State Water Board, the planning process may be modified 
to fit the monitoring requirements. 



Chapter 2 – Development of the Study Plan 

7 

2.1 STEP 1: DESCRIBE THE PROBLEM OR REQUIREMENT AND IDENTIFY THE STUDY GOALS 
The first step in developing a study plan is to define the requirement or problem that has 
initiated the need for monitoring. Monitoring projects are often driven by regulatory 
requirements in NPDES permits or total maximum daily load (TMDL) limits, but they 
may also be motivated by the need to obtain information from a specific area or facility 
type. It is critical to the success of the monitoring project to define the requirement or 
problem completely and to describe it clearly.  

This planning step consists of the following tasks: 

• Concisely describe the requirement or problem. 

• Describe the overall goals of the study. 

• Develop a conceptual model of the environmental problem. 

Identify project or regulatory requirements. 

The project goals should be expressed as qualitative statements of the desired end 
results. For example, the goal of a monitoring project could be to characterize a 
stormwater discharge, to decide how best to comply with a regulatory requirement, or to 
determine the effect of stormwater discharge on a receiving water body. The stated 
goals of the study should directly address the study problem. 

The project planning team should first describe all information that pertains to the 
project. Once the problem is defined and the goals of the study are identified, the 
planning team should develop an outline that summarizes key elements of the study 
such as the following: 

• Known or expected locations or sources of contaminants 

• Potential transport pathways for contaminants within the Caltrans right-of-way 
(ROW) 

• Transformation of contaminants 

• Media within Caltrans ROW that are contaminated or may become contaminated 

• Receptors of Caltrans stormwater runoff 

• Lessons learned from previous studies that solved similar problems 

The planning team should identify limitations on resources such as budget, personnel 
schedules, permitting, and time constraints.  
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The outputs of this step are as follows: 

• A concise description of the problem 

• An outline or conceptual model of the problem 

• A summary of available resources and relevant deadlines for the study 

2.2 STEP 2: IDENTIFY THE STUDY QUESTIONS AND OBJECTIVES 
In Step 2 of the planning process, the planning team should develop objectives that are 
designed to achieve the study goals. Project objectives are developed by identifying 
specific study questions. Once the study questions have been defined, study objectives 
should be developed that will be address the study questions. The following important 
activities are performed in this step: 

• Identify the principal study questions 

• Define study objectives designed to address the principal study questions 

Example study questions include the following: 

• What are the most prevalent constituents detected in stormwater?  

• What species of biota are present in a watershed? 

• What is the distribution of constituent concentrations over space and time? 

• How does the constituent concentration compare to the water quality standard? 

• Is the constituent concentration below background levels? 

Following are the outputs of this step:  

• Well-defined study questions 

• Specific objectives to address the study questions 

2.3 STEP 3: DEFINE BOUNDARIES AND CONSTRAINTS 
In Step 3 of the planning process, the project planning team defines the spatial and 
temporal constraints that will affect the study.  

This planning step consists of the following tasks: 

• Determine spatial and temporal boundaries that will constrain the study 



Chapter 2 – Development of the Study Plan 

9 

• Identify practical constraints 

Spatial boundaries define the physical area where monitoring will take place. 
Unambiguous location coordinates such as post mile, length, area, volume, names, or 
legal boundaries should be used to clearly define spatial boundaries.  

Temporal boundaries define the time period over which monitoring will occur. The 
project planning team should determine when samples should be collected to produce 
data that are representative of the target population. For example, stormwater samples 
are usually collected during the rainy season, which forms a natural temporal constraint 
for the study. 

Practical constraints that could interfere with sampling must be identified. It may not be 
possible to collect data over the entire physical area being studied, or over the entire 
time period called for by the project objectives. In these cases, the project planning 
team should determine whether it will be possible to conduct a monitoring study that will 
yield data that satisfy the study goals and plot the best course of action given the 
external constraints. 

The following are outputs of this step: 

• A description of geographic limits (spatial boundaries) that pertain to the project  

• A determination of the time that is most appropriate for collecting data (temporal 
boundaries)  

• Practical constraints that may interfere with data collection 

2.4 STEP 4: IDENTIFY TYPES OF MONITORING DATA 
In this step of the planning process, the project planning team must decide what data 
are needed to answer the study questions.  

This planning step consists of the following tasks:  

• Identify what types of monitoring data are needed. 

• Identify key monitoring constraints. 

• Identify the basis for specifying the performance criteria. 

• Identify and confirm availability of sampling and analysis methods. 
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2.4.1 IDENTIFY TYPES OF MONITORING DATA 
The planning team must decide what types of data must be obtained to answer the 
study questions. There are three kinds of data that are usually associated with 
stormwater monitoring: 

• Site Data – Information about the physical location from which samples are 
collected. Examples of site data include where a station is located (longitude and 
latitude, roadway, and post mile), the catchment area at the station, traffic, 
vegetation type and coverage, slope, land use, receiving water, point of 
collection, annual rainfall, eco-region, and the percentage of the catchment area 
that is paved. 

• Event Data – Data recorded about the monitoring events as they occur, such as 
the time and duration of an event, how much precipitation was measured during 
the event, and how much runoff volume was produced. 

• Sample Data – Data produced from the analysis of the samples. Samples are 
almost always water samples collected from a stormwater discharge stream, but 
may also be solid materials such as trash, sediment, or vegetation. 

It may be tempting to omit one or two of these kinds of data if they are not needed to 
answer the study question. However, it is always advisable to collect all three of these 
kinds of data when conducting stormwater monitoring. This information may be of use 
during the data evaluation phase of the project, and it will almost certainly make the final 
project data more useful to researchers in the future. 

Sample data for most stormwater monitoring projects can be further divided into four 
types: 

• Chemical Characteristics – The concentration of specific substances contained in 
a sample. Examples include metals, organic compounds, and nutrients such as 
nitrogen and phosphorus. 

• Physical Characteristics – Material aspects of the composition of the sample 
itself. Examples in water samples include temperature, odor, color, and the 
concentration of solid materials suspended in the water. Although pH is a 
measure of the concentration of hydrogen ions in water it is sometimes treated 
as a physical property. 
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• Biological Characteristics – The concentrations of microorganisms such as 
coliform bacteria and enterococci in the sample. 

• Toxicological Characteristics – The degree to which exposure to a sample 
causes harm to living organisms. 

2.4.2 KEY MONITORING CONSTRAINTS 
Monitoring constraints are factors that affect where and when samples are collected, 
which storms are selected for monitoring, how often monitoring is conducted, what 
types of samples (grab or composite) are collected, and what methods are used to 
analyze them. Constraints could include road hazards, potential for erosion, potential for 
landslides, low annual rainfall, remoteness of the study area, freezing temperatures, 
snow, and required maintenance activities. The project planning team must identify 
these kinds of constraints before the monitoring phase of the project begins in order to 
reduce the chance that an unforeseen problem will arise. The better these constraints 
are understood, the more efficiently the monitoring data can be collected. 

2.4.2.1 SITE SELECTION CONSTRAINTS 
Monitoring sites should be selected that are representative of the study area and 
appropriate for the study objectives. For example, if the objective of a monitoring study is 
to characterize runoff from highways with congested traffic, then only sites in high average 
annual daily traffic (AADT) areas would be considered.  

2.4.2.2 MONITORING CONSTRAINTS 
The number of sites and events to be monitored should be determined based on the 
number of data points that are necessary to provide statistically valid answers to the 
study questions. It is advisable to consult with a statistician to determine the number of 
data points that will be required.  

The types of storms to be monitored and the temporal distribution of monitoring events 
should also be considered in this stage of the planning process. For example, if the 
project objectives include characterizing seasonal variation in stormwater toxicity, then 
monitoring events must be adequately distributed throughout the study period. Besides 
seasonal distribution, several other variables should be considered when selecting 
types of storms to monitor. These variables could include storm size (rainfall depth), 
storm duration, and antecedent conditions (such as number of days since the previous 
rainfall).  
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Monitoring only certain storms and excluding others (for example, monitoring only 
storms that have a 72-hour antecedent dry period) may introduce bias in the project 
data set. This should be considered when planning which storms to monitor and which 
storms to skip. Avoiding bias in storm event selection is especially important when data 
is used in cumulative or average load analysis. 

2.4.3 IDENTIFY THE BASIS FOR PERFORMANCE CRITERIA 
The purpose of a monitoring project is to answer the study questions based on data that 
satisfy specified performance criteria. It is necessary to identify the basis or source for 
the performance criteria. For example, a Basin Plan Water Quality Objective (WQO) 
may be the basis for evaluating the monitoring results for a certain monitored 
constituent; or, a regulatory document such as the California Ocean Plan might be used 
as the basis for characterizing background concentrations. Other potentially relevant 
regulatory documents are the California Policy for Toxicity Assessment and Control 
(State Water Board 2012b), Policy for the Enclosed Bays and Estuaries (State Water 
Board 1974), and the California Toxics Rule (USEPA 1997). 

2.4.4 IDENTIFY SAMPLING AND ANALYSIS METHODS 
The project planning team must identify a set of sample collection and analysis methods 
that are appropriate for the study objectives and for collecting high-quality data.  

One important factor to consider when developing a monitoring strategy is sample 
representativeness. A sample is representative if it has the same composition as the 
matrix from which it was collected. In the context of stormwater monitoring, the sample 
is representative if concentrations of target constituents in the sample are the same as 
those in the storm discharge. 

The planning team must establish what environmental condition must be represented, 
and this comes from the study question. For instance, if the purpose of the study is to 
determine how much of some constituent enters a receiving water as a result of 
stormwater runoff, then it would be necessary to collect samples that represent the 
entire storm. But if the purpose of the study is to evaluate a portion of a storm, then the 
samples would have to represent only that portion. Monitoring methods must be 
selected with the study objective in mind.  

Representativeness criteria are discussed in detail in Section 6.5. 
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The timing of sample collection must also be considered. Possible approaches may 
include collection of a single grab sample at a specific point on the hydrograph, 
collection of a single grab sample at a discrete point during the storm (ascending, peak, 
and/or descending portions), collection of multiple grab samples at points throughout 
the event, or collection of a composite sample that represents the entire storm event. 

The outputs of this step are as follows: 

• A listing of the data required to address the study question 

• A list of constraints that may affect monitoring or data quality 

• A written specification of the basis of performance criteria for project data 

• A list of appropriate sampling and analysis methods 

2.5 STEP 5: DEVELOP THE DATA ANALYSIS APPROACH 
This step of the planning process involves developing an approach for analyzing the 
study data and drawing conclusions. The analytical approach usually involves statistical 
analysis and, in some cases, hypothesis tests. The approach is developed by assuming 
the data collected will meet the data quality and sufficiency requirements. This planning 
step consists of the following task: 

• Specify the population parameters (e.g., mean, median, percentile) and statistical 
test methods that are suitable for analyzing the data to answer study questions. 
In some cases, the required statistical analysis approach may be specified by a 
regulation such as a Basin Plan. Otherwise, the selection of a data analysis 
strategy is based on project-specific needs. This should be done by the project 
statistician. 

The outputs of this step are as follows: 

• A list of the most important population parameters 

• A data analysis approach that will adequately address the study questions 

2.6 STEP 6: SPECIFY THE DATA QUALITY OBJECTIVES 
Any monitoring program can be expected to have some level of error associated with 
both sample collection and sample analysis. Performance criteria, also called Data 
Quality Objectives (DQOs), are developed in this planning step to specify acceptable 
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2.7 STEP 7: DEVELOP AND OPTIMIZE THE STUDY PLAN 
The next step in the planning process is to assemble a draft study plan from all of the 
information gathered in the previous planning steps. Because resources are always 
finite, a monitoring approach must be selected that will be resource-efficient but will also 
adequately address the study questions. This requires optimization of the study plan. 

Activities typically performed during Step 7 include the following: 

• Gather information on: 

o Objectives and intended use of data (hypothesis testing or estimation);  

o Outputs from Steps 1 to 6 of the planning process; 

o Expected variability of data based on similar studies or expert judgment 

o Preliminary assessment of underlying distribution of the data; and 

o Background information such as expected site characteristics, contaminant 
and media characteristics, regulatory requirements, and known spatial or 
temporal patterns of contamination. 

• Determine “optimal” amount of data to collect using statistical and cost 
considerations. 

• Modify study parameters and optimize data collection methods based on 
assessment of the information available.  

• Review the budget, schedule, and all other constraints that could affect the 
monitoring program. 

Optimization can be performed at any point during a monitoring program, but it is 
especially important during the project planning phase.  

In some cases, it may be necessary to modify study parameters and optimize data 
collection methods based on newly collected data and field observations. This can be 
done during natural break points of the study, for example, at the end of each wet 
season. Of course, the Caltrans Task Order Manager must approve any changes to an 
existing study plan. 

Following are the outputs of this step:  

• A preliminary, optimized study plan 

• An assessment of key assumptions and constraints 
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2.8 STEP 8: PREPARE TECHNICAL MEMORANDUM TO DOCUMENT THE STUDY PLAN 
When the preceding steps have been completed, the project planning team can then 
document this material in a written Study Plan, which ordinarily takes the form of a 
technical memorandum.  

The Study Plan provides a framework for performing all subsequent project planning, 
including the development of the Quality Assurance Project Plan (QAPP). The QAPP is 
a written work plan that describes all phases of the monitoring project in detail and is 
used as a kind of project blueprint by field personnel, project managers, and 
laboratories. A standard part of the QAPP is the Sampling and Analysis Plan (SAP), 
which is included as an appendix. The SAP describes standard Caltrans methodologies 
and procedures for stormwater monitoring. The relevant sections of the SAP are 
referenced in the QAPP whenever appropriate. 

For a pilot or applied research study, the equivalent of a QAPP may be the Operations, 
Maintenance, and Monitoring Plan (OM&M Plan), discussed in Section 2 of the Caltrans 
Pilot Study Guidance Manual (Caltrans 2009a).  

In addition to project planning, the Study Plan can also serve as a valuable resource for 
data quality assessment and for making the final determination as to whether the 
collected data meet performance criteria. 

The output of this step is:  

• A technical memorandum that describes the Study Plan   
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3 SELECTION OF MONITORING CONSTITUENTS 

Stormwater runoff typically contains a variety of suspended and dissolved materials, 
derived from both natural and manmade sources. Stormwater monitoring projects 
characterize stormwater quality by analyzing the physical/aggregate, chemical, and 
biological characteristics of runoff. 

• Physical Characteristics – Characteristics that are not defined by direct 
measurement of specific chemical constituents. Examples include pH, hardness, 
temperature, turbidity, electrical conductivity, dissolved and suspended solids, 
and biological or chemical oxygen demand (BOD, COD).  

• Chemical Characteristics – Characteristics that are defined by measurements of 
specific chemical constituents. Chemical constituents may be dissolved in the 
water associated with particles that are suspended in the sample. If the sample is 
filtered, the dissolved and suspended (particulate) fractions may be analyzed 
separately. If the sample is not filtered, the analysis includes both the dissolved 
and particulate fractions. Common chemical constituents include nutrients 
(nitrogen and phosphorus compounds) and metals. 

• Biological Characteristics – Measurements of the numbers of certain types of 
living microorganisms suspended in stormwater. In bacteriological tests, 
stormwater samples are analyzed for indicator bacteria such as total coliform, 
fecal coliform, E. coli, and Enterococcus. The presence of these indicator 
organisms indicates the possible presence of human pathogens in the runoff.  

• Toxicological Characteristics – In toxicity tests, live organisms are exposed to 
stormwater samples in the laboratory under controlled conditions to evaluate 
whether the stormwater exhibits toxic effects. If toxic effects are observed, further 
testing is sometimes performed to identify the substances in the sample that are 
causing the toxicity. This process, called Toxicity Identification Evaluation (TIE), 
is discussed in Chapter 17. 

Several factors must be considered when deciding which stormwater constituents to 
include in a monitoring project. This chapter provides guidance for initial and ongoing 
constituent selection and a discussion on which constituents could be expected from 
different kinds of Caltrans facilities.  

The following considerations for constituent selection are discussed in this section:  
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• Project objectives 

• Common monitoring constituents  

• Particle size distribution 

• Historical monitoring data 

• Regulatory requirements 

• Constituents helpful for data interpretation 

• Receiving water quality  

• Project resources 

• Sources of constituents in the study area 

• Modifying the constituent list 

3.1 PROJECT OBJECTIVES 
The list of constituents to be included in a monitoring study depends on the objectives of 
the study. For example: 

• BMP evaluation would select monitoring constituents that characterize the 
performance of the BMP design 

• Regulatory requirements studies, such as monitoring provisions of a TMDL or 
runoff characterization in Areas of Special Biological Significance, would typically 
require a focus on the constituent(s) regulated by the associated regulatory 
agency  

• Stormwater discharge characterization would typically include a variety of 
common runoff pollutants 

3.2 COMMON MONITORING CONSTITUENTS 
There is a standard set of constituents that is common to nearly all stormwater 
monitoring projects that Caltrans has conducted throughout the state. These 
constituents are included in most projects because they appear commonly in discharge 
regulations and are almost universally important for the health of receiving waters. They 
are also common pollutants in highway runoff.  



Chapter 3 – Monitoring Constituents 

21 

3.3 PARTICLE SIZE DISTRIBUTION 
In addition to the common water quality tests discussed in Section 3.2, Caltrans also 
analyzes samples for Fine Sediment Particles (FSPs) in water at some monitoring 
locations. The term “fine sediment particles” refers to very small particles, ranging from 
about 0.5 to 16 microns in size, which are suspended in Caltrans stormwater runoff and 
can be carried into receiving waters. Suspended particles in this size range cause 
turbidity in water, which can be a problem in areas where the clarity of receiving water is 
a concern. Figure 3-1 shows the range of particle sizes that cause turbidity relative to 
the size of particles associated with standard analyses such as Total Suspended Solids 
(TSS) and Total Dissolved Solids (TDS). 

FSP refers to particles that are suspended in water, not to particles that have settled out 
of the water column. FSP analyses are performed on a liquid matrix. Collection and 
analysis of sediment that settles out of stormwater discharges and is treated as a solid 
matrix is discussed in Chapter 16.   

FSP analysis consists of physically examining a fresh stormwater sample to determine 
the number of particles it contains per unit volume. Caltrans performs this test using two 
types of instruments that use different analytical principles: 

1. Laser Diffraction – A beam of laser light is passed through the sample. The light 
is scattered when it strikes particles in the sample, and the angle at which the 
light is scattered is proportional to the size of the particles. Large particles scatter 
light at smaller angles relative to the path of the laser beam and small particles 
scatter light at larger angles. By measuring the amount of light that is diffracted at 
various angles, the instrument can determine the numbers and sizes of particles 
suspended in the sample. The laser diffraction instrument and methodology used 
by Caltrans can resolve particles from 0.496 to 17.156 microns in size.  

2. Photometric/Flow Cytometry – A portion of the sample is suspended in a stream 
of fluid and passed by a high-speed charge-coupled device (CCD) camera. The 
camera takes photographs of the stormwater sample as it passes, and the 
instrument software analyzes each photograph to determine the number and size 
of the particles in the sample. The photometric instrument used by Caltrans can 
resolve particles from 0.83 to 16.57 microns in size. 

FSP analysis is performed using methods that are based on the equipment 
manufacturers’ instructions. The laser diffraction method was developed in accordance 
with Standard Method 2560D.  
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FSP is reported both as count and as mass, and both units are of potential interest to 
regulators. FSP count is defined as the number of FSPs per volume of sample. FSP 
mass is defined as the mass of FSPs per volume of sample.   

Whenever stormwater samples are collected for FSP analysis, samples should also be 
analyzed for TSS and turbidity. TSS is necessary for converting the laser diffraction 
data into particle counts, and turbidity is often useful when interpreting FSP data. 

No special sample collection procedures are required for FSP analysis. Samples are 
collected as described in Chapter 11.  

Samples for FSP analysis must be taken from the bottom or invert of the channel so 
heavier particles are included in the sample. Larger, heavier particles are often carried 
in a discharge stream near the bottom of the channel and may not be represented 
adequately in a sample collected near the surface of the stream. 

FSP analysis should be performed as quickly as possible after collection, ideally on the 
same day they are collected, but no later than 36 hours after collection. 

 

Figure 3-1  Sizes in Microns and Ranges of Fine Sediment Particles 

3.4 HISTORICAL MONITORING DATA  
When planning a monitoring project, it is often useful to review historical monitoring data 
from the study area or from locations that are similar to the study area. Historical data 
may be useful when planning what constituents to include in the study. In earlier 
versions of this manual past data (1997-2007) was included as an appendix. This is 
being discontinued due to changes in analysis methods, analysis detection limits and 
requirements in the reissued NPDES Permit. All data from 2012 onwards is now 
available on the State Water Resources Control Boards CEDEN web portal. 
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3.5 REGULATORY REQUIREMENTS  
A monitoring project can be initiated in response to water quality regulations such as the 
Construction General Permit, NPDES permit, receiving water quality objectives, or 
TMDL monitoring requirements. In these cases, the regulations usually specify which 
water quality parameters or constituents must be measured.  

When regulatory requirements are not part of the study objectives, water quality 
regulations in the study area should be taken into consideration when planning any 
monitoring project. This is particularly true in the case of water quality objectives that 
apply to receiving waters located within or adjacent to the study area, especially when 
stormwater runoff from a Caltrans study area discharges directly into a receiving water. 
Collection of pertinent data may be useful in interpreting monitoring project results. 

All projects at sites that discharge to surface waters must include chronic toxicity testing 
using at least one organism in order to satisfy the Caltrans NPDES permit. If an 
applicable TMDL contains specific toxicity tests, then that TMDL requirement must also 
be satisfied. Organism selections for toxicity testing shall be as specified in the 
regulation and approved by the Task Order Manager.   

Toxicity data must be calculated using the test of significant toxicity method (Section 
17.2) and reported as either pass or fail. To calculate either a Pass or Fail of the effluent 
concentration chronic toxicity test at the Instream Waste Concentration (IWC), the 
instructions in Appendix A in the National Pollutant Discharge Elimination System Test 
of Significant Toxicity Implementation Document (EPA/833-R-10-003) must be used. 
For Caltrans discharges, the IWC is 100% (i.e., either is 100% stormwater or 100% non-
stormwater) 

3.6 CONSTITUENTS HELPFUL FOR DATA INTERPRETATION 
Some water quality data require additional supporting data for proper interpretation. 
When deciding which constituents will be monitored for a project, it is important to 
consider how the data will be interpreted, and make sure any supporting data will also 
be collected. 

Here are some common examples:  

• pH – Many chemical properties of natural water bodies are affected by pH. It is 
always a good idea to record the pH of a water body when collecting samples for 
laboratory analysis. 
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• Temperature – Many chemical processes are temperature-dependent. 
Temperature may also provide insight into physical factors such as stream 
mixing that may be of interest to data reviewers.  

• Ammonia – The degree to which ammonia is toxic to aquatic life directly depends 
on the pH and temperature of the water body. Therefore, whenever ammonia is 
part of a project constituent list, temperature and pH must also be measured so 
the toxicity of ammonia can be properly assessed. 

• Metals – The toxic effects of many heavy metals vary as a function of hardness, 
and the California Toxics Rule (CTR) (USEPA 1997) lists the receiving water 
quality objectives for most metals as hardness-dependent equations. Whenever 
testing of metals in a receiving water is included in a monitoring project, hardness 
must also be included as a monitoring constituent to properly interpret metals 
results. 

• Toxicity – When toxicity testing is included in the monitoring project constituent 
list, field crews should measure temperature, conductivity, and dissolved oxygen 
in the sample stream, since these properties are also important for the proper 
interpretation of toxicity data.  

• Dissolved Constituents – Many common chemical constituents in stormwater 
runoff and receiving waters exist both in dissolved and particulate form. Aquatic 
life is usually able to ingest or absorb substances more easily from the 
environment if the substances are in the dissolved state. This is true of both 
potentially toxic substances, such as heavy metals, and beneficial substances, 
such as nutrients. Therefore, it is important to measure the dissolved fraction of 
such chemical constituents in stormwater runoff when the project objectives 
include assessing the impact of stormwater runoff on receiving water biota. 

3.7 RECEIVING WATER QUALITY 
When developing a project constituent list, consideration should be given to receiving 
water quality in the project watershed. Some constituents of highway runoff may be 
deleterious to the biota of surface water bodies in the area, and constituents should be 
added to the project constituent list if there is a reason to believe discharges from 
Caltrans facilities in the project area may cause problems in local receiving waters. 

The Caltrans Water Quality Planning Tool (http://svctenvims.dot.ca.gov/wqpt/wqpt.aspx) 
is an online utility for information on watersheds and water quality objectives. By 
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selecting a county, route, and post mile, the user can get information on a hydrologic 
sub-area (HSA). The tool provides a topographical map and an aerial photograph of the 
selected HSA as well as the following information:  

• 303(d)-listed (impaired) water bodies and TMDLs in the HSA  

• Water quality objectives and beneficial uses for water bodies in and near the 
HSA  

• Caltrans facilities located in the HSA 

3.8 PROJECT RESOURCES  
The limiting factor in the scope of a monitoring project is usually the amount of funding 
available for a project. Therefore, when choosing constituents for a monitoring project, it 
is often necessary to weigh the desirability of optional constituents against their cost 
and include them only if permitted by the project budget.  

One way to save cost is by measuring a less expensive, surrogate property. Also, if a 
large majority of analytical results show that the target analyte is not detected, this can 
be used as a basis to eliminate a constituent from a project’s constituent list.   

3.9 SOURCES OF CONSTITUENTS IN THE STUDY AREA  
Certain characteristics of the study area or catchment may be useful in selecting 
constituents for monitoring projects. Constituents selected for monitoring are generally 
driven by regulatory requirements. The following questions may be useful in identifying 
site characteristics to inform constituent selection: 

• What are the characteristics of the study site that could affect the quality of 
stormwater runoff? 

• What physical and chemical mechanisms could affect the mobilization, transport, 
and transformation of constituents from the study site? 

The potential constituent sources associated with various types of transportation-related 
facilities can differ. Based on prior monitoring studies, the constituents expected in 
runoff are known for the following types of Caltrans facilities. 

• Highways 

• Maintenance Yards 
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• Commercial Vehicle Inspection Facilities 

• Roadside Rest Areas 

• Park and Ride Lots 

• Construction Sites 

These types of facilities are discussed in the following sub-sections. 

3.9.1   HIGHWAYS  
Many sources contribute to the quality of stormwater runoff from highways, including 
fossil fuel combustion byproducts; deterioration and wear of tires and brake pads, 
bearings, bushings, and other moving parts; leaking lubricants and hydraulic fluids; 
pavement maintenance; and road de-icing.  

Various monitoring projects have been conducted on or near highways by Caltrans and 
others. These studies have detected numerous constituents in highway runoff, including 
metals, petroleum hydrocarbons, polynuclear aromatic hydrocarbons, phenols, 
nutrients, and bacteria.  

It is also important to consider nearby land uses when monitoring runoff from a highway, 
because any highway is affected to some degree by its surroundings. For example, if a 
monitored stretch of highway is surrounded by farmland, it may be wise to determine 
which herbicides, insecticides, or nutrient fertilizers have been used in the area, and to 
consider including them in the project constituent list. 

3.9.2 MAINTENANCE YARDS  
Activities that take place in maintenance yards, such as vehicle and equipment 
cleaning, fueling, and repair, may contribute various constituents to stormwater, 
including synthetic organic compounds (adhesives, cleaners, sealants, and solvents), 
petroleum hydrocarbons, and metals. In addition, eroded sediment and other particulate 
matter (primary sources of suspended material in stormwater runoff) may also be a site-
specific concern in some maintenance yards. 

3.9.3 COMMERCIAL VEHICLE INSPECTION FACILITIES  
Vehicle inspection stations are often occupied by large trucks that are either parked or 
moving very slowly. Under such conditions these vehicles can leak fuels, oil, grease, 
and solvents and other cleaners. Constant acceleration and deceleration can cause 
significant wear on tires and brake pads, which can contribute heavy metals and heavy 
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organic compounds to stormwater runoff. A great deal of litter is also found in these 
areas. 

An additional factor at these facilities is the cargo carried by large commercial vehicles. 
Some truck cargo, for example raw vegetables or cattle, can leak substances that can 
enter stormwater runoff. The kinds of cargo that are carried by trucks should be 
considered when planning a monitoring study that involves a vehicle inspection station. 

3.9.4 ROADSIDE REST AREAS  
The most common constituents found at rest areas include litter and food waste, oil and 
grease, eroded sediments, metals, nutrients, and bacteria. 

It is particularly difficult to predict what materials will be carried in stormwater discharge 
from rest areas because of the diverse uses to which the public puts these facilities. 
People have been seen using rest areas for vehicle maintenance, cookouts and parties, 
impromptu automotive swap meets, automobile racing, and even for painting vehicles. 
Rest areas are frequently the sites of illegal dumping. Food waste at these facilities 
often attracts animals, which can lead to increased levels of pathogens in stormwater 
runoff.   

For this reason, a great deal of variability may be expected in the runoff from roadside 
rest areas. Both the types and the concentrations of water quality constituents can be 
expected to vary significantly from site to site and from event to event.  

3.9.5 PARK AND RIDE LOTS  
Park and Ride lots are most frequently occupied by private vehicles that are parked for 
extended periods. This exposes these facilities to leaking fuels, oil, transmission fluid, 
and antifreeze. Vehicle acceleration and deceleration causes wear on engine parts and 
brake pads, which can contribute metals. Litter, food waste, and bacteria are also 
commonly found at Park and Ride lots. 

Park and Ride lots share the problem discussed above regarding unpredictable use by 
the public at roadside rest areas, although usually to a lesser degree. Nevertheless, 
because it is not possible to completely control what members of the public do at Park 
and Ride lots, the monitoring team should not be surprised to find unusual or 
unexpected constituents in the stormwater runoff from these facilities. 
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3.9.6 CONSTRUCTION SITES  
The disturbed earth at construction sites can contribute a great deal of sediment to 
stormwater runoff. This sediment is both a pollutant and a transport mechanism for 
other water quality constituents. Vehicles and heavy equipment at a construction site 
have the potential to contribute fuels, oil, grease, solvents, and metals. Construction 
materials can enter stormwater and be carried to the receiving water. For example, if 
concrete waste from a construction site enters stormwater runoff, it can be expected to 
contribute considerable amounts of solids and metals and affect pH significantly.  

Caltrans construction projects are subject to the terms of the statewide Construction 
General Permit and may be subject to other permits. These permits usually specify 
which water quality constituents must be monitored. The permits should be consulted 
for guidance whenever a monitoring project is being planned in an area that will be 
affected by construction activity. 

3.9.7 MODIFYING A CONSTITUENT LIST  
As a monitoring study progresses, analytical data should be evaluated against the 
project objectives. In some cases, it may be possible to identify constituents that may be 
removed from the project constituent list to reduce analytical costs. For example, if a 
test for petroleum hydrocarbons was part of the original project constituent list, but 
petroleum hydrocarbons were routinely not detected during the first year of monitoring, 
the project manager might consider removing this analysis from the constituent list.  

In other cases, constituents might be added to a project. For instance, if observed 
toxicity levels were higher than expected, the project manager might increase the 
frequency of testing for field temperature, conductivity, pH, and dissolved oxygen, or 
add analysis for potential toxicants such as an additional class of organic chemicals, to 
better understand the toxicity data. 

Any modification of the project constituent list must be authorized by the Caltrans task 
order manager.
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4 SELECTION OF MONITORING METHODS AND EQUIPMENT 

Stormwater runoff quality varies both spatially (laterally and vertically throughout the 
cross section of flow), and temporally (over time). Monitoring methods and equipment 
must be selected with knowledge of the expected characteristics of stormwater runoff, 
as well as the objectives of the monitoring study. 

Temporal variation derives from the differential availability of constituents within a 
catchment area over time, and the relative degree to which those constituents are 
washed off exposed surfaces. The first few hours of a storm often contain higher 
concentrations of monitored constituents than any other period of the storm (this is 
called the “event first flush” effect). A “seasonal first flush” effect is commonly observed 
in California as well, when early season storms wash constituents off landscapes where 
they have been accumulating throughout the dry season. Generally, stormwater quality 
improves during the later phases of a storm event, but runoff from periods of high-
intensity precipitation can mobilize, or “scour,” sediment from the study area, causing 
temporary increases in sediment-bound constituents.  

Spatial variation reflects the nature of the various constituents entrained within 
stormwater runoff, as well as the differential contributions of various sources within a 
catchment area. Petroleum and other buoyant materials tend to float near the surface of 
a runoff stream, while constituents associated with heavier particles tend to be carried 
along the bottom of the conveyance. Within the water column itself, concentrations of 
constituents may vary randomly due to turbulence in the flow. 

Stormwater samples can be collected as “grab” samples or as “composite” samples. A 
grab sample is a singular, instantaneous collection of a sample to characterize water 
quality at a specific place and time. Enough volume is collected to perform the intended 
water quality analysis with each sample. A composite sample is comprised of some 
number of individual grab samples or sample aliquots mixed together. A composite 
sample can be collected over some period of time at a given location (temporal 
composite), or at a particular time over some spatial range, such as a creek cross-
section (spatial composite). Temporal composites can be either “flow-based” or “time-
based.” While grab samples and spatial composites are typically collected manually, 
temporal composite samples may be collected either manually or via automated means. 
See Chapter 11 for a detailed description of sample collection methods, including the 
various types of composite sampling approaches that can be used. 
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For most Caltrans stormwater monitoring projects, temporal variation is of primary 
concern. For this reason, most Caltrans stormwater monitoring involves the use of 
automated equipment for collection of flow-proportioned composite samples to 
characterize runoff over the duration of the storm. 

This chapter covers the methods and equipment that Caltrans uses to monitor 
stormwater runoff. These methods have been developed to ensure monitoring data are 
adequately representative of the characteristics of stormwater runoff from the study 
area. 

Stormwater monitoring typically involves sample collection, flow measurement, 
precipitation measurement, and field measurements of water quality. When monitoring 
is performed with the use of automatic equipment, additional ancillary equipment and 
functions are normally necessary, including remote communications, data logging, 
power supply, and security enclosures. This chapter is organized by function, in the 
following categories:  

• Sample collection 

• Flow measurement 

• Precipitation measurement 

• Field measurements 

• Telemetry 

• Power supply 

• Data logging and system integration 

• Security enclosures 

4.1 SAMPLE COLLECTION   
A sample may be collected manually or with the use of automatic sampling equipment. 
Manual sample collection involves filling a sample container by hand or operating a 
pump in manual mode to collect a sample through a sampling tube placed in the runoff 
stream. Automated sample collection involves securing a sampling tube in the runoff 
stream and programming an autosampler pump to draw samples from the runoff stream 
into a sample container. Both approaches are described below. 
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The advantages and disadvantages of manual and automated stormwater monitoring 
are summarized in Table 4-1. 

Table 4-1  Comparison of Manual and Automated Sample Collection Methods 

Monitoring 
Method Advantages Disadvantages 

Manual 

• Manual grab sampling is easier 

• Negligible equipment costs 

• Less rigorous training required 

• No equipment wear, theft, 
vandalism 

• Can be used where automated 
monitoring stations cannot be 
installed 

• May be more economical when 
automatic flow measurement or 
sampling is not practical 

• May require extended personnel presence 
to collect composite samples  

• Labor-intensive, and usually more 
expensive for large monitoring projects 

• Difficult to monitor first stages of runoff 
reliably 

• Can be less safe than using automated 
equipment 

• Flow measurement may be less reliable 

Automated 

• Greatly simplifies collection of 
composite samples 

• Saves considerable personnel 
expense – usually more cost-
effective for large projects 

• More reliable for monitoring the 
first stages of runoff 

• Extremely flexible, can be 
programmed for a wide variety of 
sampling schemes 

• Safer under some circumstances 

• Many optional devices can be 
added to extend functionality 

• Large up-front equipment cost 

• Requires installation of semi-permanent 
station 

• Requires more rigorous training of field 
crews 

• Equipment wear and maintenance 

• Possibility of theft and vandalism 

• May be inappropriate for very large or 
very small flow volumes 

• Not permissible for specific constituents 
such as oil and grease, bacteria, and low-
level mercury 

4.1.1 MANUAL SAMPLE COLLECTION 
Manual sample collection involves filling a container from a runoff stream during a storm 
event. This can be done either by collecting the sample directly into laboratory-supplied 
bottles or by using an intermediate container to pour the sample into the lab bottles. 
Note that samples for certain constituents, including oil and grease, bacteria, and low-
level mercury, must be collected directly into the appropriate sample bottle without use 
of an intermediate container. See Chapter 11 for a discussion of sample collection 
methodology. 
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An intermediate sample container can be an unused laboratory bottle. Sample collection 
can be assisted by a device that is extended to dip, lower, or reach the sample 
container into a runoff stream. This method is ordinarily used when the runoff stream is 
difficult to access, and an intermediate container must be lowered into the stream or 
reached across a long distance to collect a sample.  

Use of an intermediate container is preferred when filling pre-preserved laboratory 
bottles because it eliminates the risk of accidentally rinsing out the preservative while 
filling the bottles. 

4.1.2 AUTOMATED SAMPLE COLLECTION 
Automated samplers are designed to automatically collect and preserve samples from 
stormwater runoff, eliminating the need for field crews to be present during the entire 
sampling event. The samples are removed from the automated sampler at the end of 
the monitoring event and sent to the laboratory for analysis. 

Automated sample collection involves placing a sampling tube in the discharge stream 
and using a pump to draw samples from the runoff stream into a sample container. An 
automatic sampler is used to perform this work. Automatic samplers are comprised of a 
peristaltic pump, flexible pump tubing, Teflon® sample tubing, a sample container, 
control electronics, and a power supply. The peristaltic pump creates suction by 
compressing a flexible tube with a rotating roller and draws a sample up through the 
sample collection tube, through the pump, and into the sample container. The power 
source is generally an external 12-volt battery or an AC adaptor. In addition, an 
automated sample collection setup requires a device to actuate the sampler, such as a 
flow meter or rain gauge. Automated sample collection stations can also integrate many 
other types of devices, such as telemetry, rain gauges, and in-line analytical instruments 
such as pH meters and temperature sensors. 

A schematic representation of an autosampler installation appears in Figure 4-1. 
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Figure 4-1  Diagrams of a Basic Automated Sampler Installation 
Use of a peristaltic pump does not allow the sample to come into contact with any part 
of the pump except the tubing. This minimizes the chance that a sample will be 
contaminated as it is collected, and makes equipment cleaning very easy. Therefore, 
using peristaltic pumps is preferred for stormwater sample collection. A peristaltic pump-
style automatic sampler is shown in Figure 4-2. 
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Figure 4-2  Automatic Sampler - Peristaltic Pump 
Peristaltic pumps have limited capacity to pump water vertically. The vertical distance a 
sample travels between the runoff stream and the pump is called the vertical lift. Pumps 
that are used by Caltrans for stormwater monitoring have a vertical lift capacity of about 
25 feet, and this must be considered when installing a monitoring station.  

Automatic samplers can be programmed to fill one large composite carboy (five- to 15-
gallon rigid plastic or glass container) or to fill multiple smaller sample bottles. In a 
multiple-bottle configuration, tubing from the discharge port of the pump is connected to 
a rotating distributor arm that dispenses the samples into the selected sample bottles. A 
single-bottle configuration is useful for characterizing a storm in its entirety, because all 
aliquots are combined into one bottle; a multiple-bottle configuration is useful when 
different phases of a storm must be characterized discretely, because samples 
collected from different parts of the storm are stored separately. 

More than one sampler can be installed at a single monitoring station if large volumes of 
sample must be collected over a short duration, or if samples for specialized analyses 
must be collected in different bottles at the same time. Stations with multiple samplers 
can be programmed so all samplers are actuated by a single flow meter or electronic 
rain gauge. 

4.1.3 TUBING AND STRAINERS 
An automated sampler pumps water through tubing that runs from the runoff stream, 
through the peristaltic pump, and into a sample container. The portion of tubing within 
the peristaltic pump is made of a flexible silicon material. The silicon pump tube is 
connected just before the pump intake to a length of tubing that runs between the pump 
and the sample stream. The sampling tube is made of or polyethylene that is Teflon®-
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coated on the inside. The silicon tube on the discharge end of the pump may run 
directly into the sample container or be connected to another length of Teflon®-coated 
polyethylene tubing that runs into the sample container. 

A strainer is used to prevent small rocks, vegetation, and other debris in the sample 
stream from being sucked up into the sample tube and clogging or damaging the tube 
or the pump. Figure 4.3 shows photographs of a custom-made strainer that is suitable 
for most Caltrans monitoring projects. This strainer was fabricated by cutting a Teflon® 
tube to a length of 100 mm, drilling holes in it with a drill press, and creating a lip with a 
lathe to fit the strainer snugly into a sample collection tube. Custom-made strainers may 
be preferable because they can be made to size for individual projects and be 
constructed of materials that are suitable for the project constituent list. 

 

Figure 4-3  Custom-Made Strainer and Commercially Available Strainer 
The sample collection tube is anchored in the middle of the runoff stream, usually near 
the bottom of the stream. This end of the sample tube is fitted with a strainer made of 
Teflon® or stainless steel that has been thoroughly coated with Teflon® to eliminate 
exposed steel. If no metal analytes are included in the monitoring program, then the 
strainer may be made of uncoated stainless steel. 

4.1.4 SAMPLE CONTAINERS   
An automated sample collection system can pump all composite aliquots into a single 
large container, or into several smaller containers. These containers store the collected 
aliquots as the monitoring event progresses and are picked up by field personnel after 
the event and sent to the laboratory for analysis. In cases where a monitoring event 
lasts longer than one day, sample containers should be switched out after each 24-hour 
period and sent to the laboratory so short-hold time analyses can be performed within 
the hold time. 
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Composite containers may be made of polyethylene, borosilicate glass, or Teflon®, 
depending on the project constituent list. Polyethylene containers are much less 
expensive than other kinds of containers, they are lighter and easier to transport than 
glass, and they do not break if dropped. Analytes such as metals and nutrients may be 
collected in polyethylene containers. Samples for most organic constituents must be 
collected in glass. Guidance on which sample containers to use for different kinds of 
constituents appears in Table 4-2. 

4.2 FLOW MEASUREMENT   
For most Caltrans stormwater monitoring projects, flow rate is monitored using an 
automated flow meter to measure and record the depth of flow and then convert the 
depth to volumetric flow rate (also called “discharge” or “flow rate”). This is normally 
done by measuring the depth of flow at a primary flow measurement device (a flume or 
weir) or other structure where there is a known relationship between depth and flow 
rate. The flow depth also can be measured manually and converted through a table or 
formula into flow rate. Manual measurement is most often done for short-term studies 
where installation of automated equipment is not warranted. Manual measurements are 
also used in circumstances when use of automated equipment is not practical, such as 
in cases of very large or very small flows or in locations where an automated monitoring 
station cannot be securely installed.  

4.2.1 DEPTH MEASUREMENT/FLOW RATE CONVERSION  
Where there is not an established depth-to-flow-rate relationship, an “area-velocity” flow 
meter is often used to measure flow velocity directly, as well as depth of flow. The meter 
then computes instantaneous flow rate from the measured velocity and the cross-
sectional area of flow (derived from the measured depth). It is also possible to measure 
velocity manually (“Float Velocity Method,” below). 

Where there is a known relationship between the water depth and the volumetric flow 
rate (discharge), flow rate may be determined by measuring water depth, with 
conversion to flow rate using a table or formula. The measurement of depth and 
conversion to flow rate can be done manually or automatically using an automated flow 
meter. 

For rivers, creeks, and channels, the depth-to-flow-rate conversion is typically referred 
to as a “stage-discharge relationship,” where “stage” refers to water level as referenced 
to an established datum. A detailed hydrologic study is performed initially over a range 
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Table 4-2  Types of Flumes Used by Caltrans 

Flume Type Advantages 

H, HS, HL 

• Wide operating range; suitable for measuring flows that vary widely, such as 
seasonal runoffs and overflow from dams 

• Passes sediment well without clogging; good for flows with high solids content 
• Minimal head requirement 
• Simple form and construction 

Parshall 

• Wide operating range; intended for use in open channels; use extreme care 
when adapting to round pipes  

• Low head/energy loss 
• Passes sediment well without clogging; good for flows with high solids content 

Palmer-Bowlus 

• High accuracy 
• Low head/energy loss 
• Designed for use in round pipes flowing partly full and at low velocities; simple 

installation in existing pipes 

Trapezoidal 

• Wide operating range intended for use in open channels; use extreme care 
when adapting to round pipes. 

• Low head/energy loss 
• Passes sediment well without clogging; good for flows with high solids content 
• Good for low flows 
• Conforms to the shape of natural conveyances; minimal upstream transitional 

length needed 
• Operates under relatively high degrees of submergence 

Cutthroat 
• Simple form and construction 
• Easy to install on existing channel bed 

Long-Throat 

• Minimal head loss 
• Low construction cost 
• Ability to measure a wide range of flows 
• Can be custom designed for a variety of channel shapes 
• Rating curve can be determined from a mathematical model within two percent 

without laboratory calibration 

4.2.1.2 WEIRS 
A weir is an overflow structure of specified geometry built across the flow path of a 
channel or conveyance. The section of the weir that is designed to overflow (the “crest”) 
can have several configurations; each one allows the water to flow over the weir in a 
controlled, predictable way that establishes the required depth-to-flow relationship. 
Some weirs are designed to overflow across their entire crest; others have a notch with 
a rectangular, trapezoidal, or “V” shape. Water pools against the weir plate and passes 
over it in a controlled way, such that the depth of water above the weir crest (head) at a 
specified location upstream of the weir is proportional to the rate of flow. 
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Figure 4-5 and Figure 4-6 show two common types of weirs and a schematic of a weir 
installation. 

 

Figure 4-5  V-Notch and Rectangular Weirs Viewed from the Front 

 

Figure 4-6  Weir Viewed from the Side 

4.2.2 FLOW RATE MEASUREMENT WITHOUT A PRIMARY FLOW MEASUREMENT DEVICE 
When it is not practical to install a primary device, the flow rate through an existing 
stormwater conveyance can be calculated from the measured depth using Manning’s 
Equation, an empirical formula that estimates flow rate in a free-flowing channel or pipe.  
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primary device such as a flume or weir. Real-world application of the Manning’s 
Equation generally can achieve accuracy of ±25 to 30%. This flow-measurement 
method should only be used if it is not possible to install more accurate primary devices. 

Table 4-3  Examples of Typical Manning Roughness Coefficients 
Conveyance Type Minimum Typical Maximum 

Closed Conduit – partly full 
   

Corrugated storm drain 0.021 0.024 0.03 
Brick-lined with cement 0.012 0.015 0.017 
Concrete culvert, straight 0.01 0.011 0.013 
Concrete culvert with bends, connections, and some debris 0.011 0.013 0.014 
Concrete sewer with manholes, inlet, etc., straight 0.013 0.015 0.017 
Unfinished concrete, steel form 0.012 0.013 0.014 
Unfinished concrete, smooth wood form 0.012 0.014 0.016 
Unfinished concrete, rough wood form 0.015 0.017 0.02 
Rubble masonry, cemented 0.018 0.025 0.03 

Lined or Built-up Channels 
   

Corrugated metal 0.021 0.025 0.03 
Mortar finish cement 0.011 0.013 0.015 
Trowel finish concrete 0.011 0.013 0.015 
Float finish concrete 0.013 0.015 0.016 
Unfinished concrete 0.014 0.017 0.02 
Cemented rubble masonry 0.017 0.025 0.03 
Smooth asphalt 0.013 0.013 - 
Rough asphalt 0.016 0.016 - 

Excavated or Dredged 
   

Earth, straight and uniform 0.016 0.022 0.035 
Earth, winding and sluggish 0.023 0.03 0.04 
Unmaintained channels 0.04 0.07 0.14 

Natural Channels 
   

Fairly regular section 0.03 0.05 0.07 
Irregular section with pools 0.04 0.07 0.1 

Source: ISCO Open Channel Flow Measurement Handbook, 6th ed. (Teledyne ISCO 2008). 

4.2.3 BUCKET AND STOPWATCH METHOD  
The bucket and stopwatch method is a fully manual flow measurement technique that 
can be used in low-flow conditions where there is free-fall of the flow from the end of a 
pipe. The method consists of simply catching a measured volume of flow in a bucket 
during a measured period. The flow is then calculated by dividing the volume of water in 
the bucket by the time recorded using this equation: 

Flow Rate = Volume of Sample Collected / Time 
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When using this method, the discharge should be allowed to fill the bucket for at least 
15 seconds. Longer measurement times usually result in more accurate flow 
measurement. For this reason, this method is suitable only for small or moderate flows 
that will not overflow a bucket quickly. 

This flow-measurement method may also be used to check the results obtained from 
Manning’s Equation in cases where the flow volume can be measured by both methods. 

4.2.4 FLOAT VELOCITY METHOD  
The float velocity method is a fully manual method of measuring flow velocity. This 
method is commonly used in large channels such as rivers, especially when it is difficult 
to establish a stage-discharge relationship for a channel, and when it is not practical to 
install an area-velocity meter to measure flow velocity. The velocity measured via the 
float method is used in conjunction with some means of estimating cross-sectional area 
of flow to compute instantaneous flow rate. 

To use this method, first it is necessary to determine the cross-sectional area of the flow 
at a specific location. This requires estimation of flow depth and width. Then field 
technicians mark two places on the bank of the channel at least five feet apart (using a 
longer distance between the two points will result in a more accurate flow 
measurement).  

When this setup is complete, the flow can be measured by releasing a buoyant object 
into the channel upstream of the two marked points on the bank and measuring the time 
it takes to flow between them. The rate of flow can be calculated by the following 
formula: 

 

There are some disadvantages to the float method: (1) measuring the cross-sectional 
area of a large natural water body can be difficult, and inaccuracies in this value will 
affect the accuracy of the flow measurement, and (2) the method measures velocity of 
flow only at the surface of a channel, which may not be representative of the velocity 
throughout the entire cross section of flow. Therefore, when using this method, multiple 
measurements should be taken at different points across the channel and the results 
averaged. 
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The accuracy of the float method is improved by using an object that has a similar 
density to water and that tends to float totally submerged. For example, oranges are 
good floating objects for this method because they are easy to see and environmentally 
safe. 

As with the bucket-and-stopwatch method, this flow-measurement method may also be 
used to check the results obtained from Manning’s Equation in cases where the flow 
volume can be measured by both methods. 

4.2.5 AUTOMATED FLOW METERS  
Automated flow measurement is preferred for Caltrans stormwater monitoring projects, 
particularly when composite samples are collected.  

The standard type of automated flow meter is principally used to measure depth of flow 
in a primary device or other structure. The measured depth is used to compute flow rate 
from information on primary device geometry, which is stored in the flow meter’s 
memory. The “area-velocity” type of flow meter measures flow velocity as well as flow 
depth, for use in locations where a reliable stage-discharge relationship or rating curve 
has not been established.  

The flow meter also serves as a data logger for storing discharge data, rainfall data, and 
sample history data. During storm events the flow meter records flow rate at pre-set 
intervals, and cumulatively sums the discharge volume for each monitoring event. 
Measured discharge is typically used by the flow meter to automatically trigger the 
autosampler to draw a sample aliquot each time a preset volume of runoff passes 
through a monitoring location. Flow meter functions may also include communication 
capabilities from an off-site location through telemetry. Figure 4-7 shows a combination 
flow meter/data logger of the type commonly used by Caltrans. 

Flow meters can be programmed to compute flow rate by the methods described above, 
including the following: 

• From measurement of the water depth in a primary flow measurement device 
(flume or weir), and computation of flow rate from the known depth-discharge 
relationship of the calibrated primary flow measurement device  

• The product of the measured flow velocity and cross-sectional area of flow, 
(computed from the measured depth, based on the known conveyance 
geometry) 
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• From measurement of the water depth, applied to Manning’s Equation in 
conjunction with the known conveyance geometry and other factors 

 

Figure 4-7 Flow Meter/Data Logger 

4.2.6 DEPTH MEASUREMENT  
Flow meters measure the depth of water in a conveyance and convert this value to a 
flow rate using one of the techniques listed above. Caltrans uses three types of depth-
based sensors: 

Pressure Transducer – An electronic pressure sensor is placed at the bottom of a 
conveyance and attached to the flow meter by an electrical cable. As the water level in 
the primary device increases, the pressure on the sensor increases. The change in 
pressure is converted into water depth by the flow meter. Pressure transducers may 
also incorporate a thermometer to measure water temperature. The measured 
temperature is used to compensate for changes in water density, resulting in higher 
accuracy of flow measurement.  

Bubbler –The bubbler flow meter uses a small air compressor that forces bubbles of 
pressurized air out of the end of a tube. The end of the tube is placed at the invert of a 
conveyance. As the water level rises, more pressure is required to force bubbles out the 
end of the tube, and this force is measured by the flow meter. The flow meter converts 
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Table 4-4 Appropriateness of Level Sensors in Various Environmental Conditions 
Sensor Type Environmental Conditions 

Bubbler Level Meter 

• Not affected by wind, turbulence, liquid, surface foam, debris, 
or periods of dry weather. 

• Susceptible to error at high flow velocities (> five to six  
feet/second). 

Pressure Transducer 
• Affected by dry conditions between storms, contaminants in 

the water, debris, and freezing conditions. 

Ultrasonic Depth Sensor 

• Downward-facing sensors can be affected by wind 
conditions, loud noises, turbulence, and foam. 

• Upward-facing sensors are susceptible to interference from 
sediment and debris in the water. 
The minimum distance above the water necessary for 
installing these sensors is oftentimes not achievable in small 
spaces. 

Area-Velocity Sensor 

• Can be mounted in open channels or in locations with 
pressurized flow. 

• Accuracy is affected by high concentrations of suspended 
solids and low flow conditions when the probe is only partially 
submerged. 

• Some velocity meters may also have depth measurement 
capability. 
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Type Ultrasonic 
Sensor 

Pressure 
Transducer 

Bubbler Area-Velocity 
Requirements Caused by Adverse Conditions   

Silting in None Occasional Occasional Occasional 
Suspended solids None Occasional Occasional Occasional 
High grease 
concentration None Occasional Occasional Occasional 

Source: Teledyne Isco, Inc. (2008) 
Notes:  
1 Use with caution in small flumes. 
2 Adequate space needed above for mounting sensor. 
3 Large air temperature fluctuations will affect accuracy. 
4 Large water temperature fluctuations will affect accuracy. 

4.3 PRECIPITATION MEASUREMENT 
Precipitation can be measured manually by reading a standard rain gauge periodically 
or at the end of a storm event. Automated precipitation measurement uses a tipping 
bucket rain gauge and data logger for continuous recording of precipitation. If it is not 
possible to install a rain gauge at a monitoring site for some reason, other sources of 
precipitation data are available. For example, the USGS has rain gauges installed 
across California and they are a good resource for precipitation data.   

Manual precipitation measurement is performed using a standard rain gauge. Field 
technicians can take multiple readings during a storm event to create a detailed record 
of rainfall throughout an event or take a single reading at the end of a storm to 
determine the total precipitation of the storm event. 

Caltrans typically uses tipping bucket rain gauges to measure precipitation at automated 
stormwater monitoring stations. A tipping bucket rain gauge consists of a cylinder with a 
funnel built into the top. As rain falls it lands in the funnel and drips into one of two small 
buckets that are balanced under the funnel on a pivot, like a seesaw. When the first 
bucket has filled to a specific, calibrated volume, its weight causes the mechanism to 
tip, emptying the first bucket and aligning the second bucket under the funnel. This 
happens each time a bucket fills. Each “tip” is recorded by a sensor attached to the 
pivot, which sends a signal to the data logger. Figure 4-9 shows a tipping bucket rain 
gauge installed in the field. 

Continuously recorded precipitation data can be superimposed on flow data in a 
hydrograph/hyetograph to provide a comprehensive overview of a storm event. 
Comparing precipitation volumes to runoff volumes can be helpful when investigating 
the hydrology of a monitoring site. 
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Figure 4-9 Tipping Bucket Rain Gauge 

4.4 FIELD MEASUREMENTS OF WATER QUALITY  
The most commonly performed field tests for stormwater are temperature, pH, 
conductivity, dissolved oxygen, and sometimes turbidity. Results of these tests are 
considered “grab” sample data since they are performed on a single sample collected 
from the runoff stream at a single point in time.  

A variety of instruments are available that can be placed directly in the runoff stream 
and provide measurements of these constituents. The instruments are available both as 
hand-held field meters for manual measurement by field technicians and as automated 
probes that connect into the data logging features of automated flow meters. These 
instruments can be connected to a data logger that records data either as discrete 
events (in manual operation) or continuously over the life of a monitoring event (in 
automated operation).  

An important advantage of these instruments is that they make it possible to collect data 
for every storm event, including short-duration events that would otherwise be 
impractical to monitor. They also collect data continuously over the life of a storm event, 
which is a more accurate representation of the entire discharge than “grab” tests 
performed manually. 

There are some drawbacks to using these devices. Field measurements are not subject 
to the same level of quality control that a laboratory uses when analyzing samples, so 
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the data they produce are not as reliable. The sensors are subject to clogging or fouling 
from algae, sediment, and debris, and must be maintained regularly in order to work 
properly. Some of these devices may require relatively large flows to provide accurate 
data. And some types of sensors cannot be allowed to dry out, which makes them 
impractical for long-term field use. 

The use of field instruments for stormwater analysis is discussed in more detail in 
Appendix I. 

4.5 TELEMETRY  
Automated monitoring stations can be equipped with telemetry, which allows them to be 
accessed remotely. Telemetry systems typically are comprised of a wireless 
transmitter/receiver and antenna that can communicate via a wireless link to a remote 
computer. The transmitter/receiver is connected to the communication port on the 
sampling equipment. Although third-party products exist that can interface with 
monitoring equipment and communicate over radio, landline, and the internet, Caltrans 
typically uses telemetry equipment that communicates via cell phone. Telemetry units 
must be compatible with the monitoring equipment so that various pieces of equipment 
work together efficiently and reliably. 

Using telemetry, field technicians at a central location can program monitoring stations 
for impending storm events, check station operational status, and place stations in 
standby mode so they begin operating automatically when a storm starts.  

During a monitoring event, field personnel can use a cell phone to check the remaining 
battery power at a monitoring station, find if any errors have occurred, determine how 
full the composite sample containers are, and check other details about the operational 
status of the station. Using this technology, a single field crew can operate several 
monitoring stations during a storm event, because they can check on a site without 
having to travel to the site. This can greatly reduce the number of times field personnel 
must visit each site during a storm event.  

Site telemetry has a few drawbacks. Cell coverage is not always available at every 
monitoring site, and is sometimes sporadic, even if it exists. Some kinds of errors do not 
trigger and might not be picked up by a telemetry unit; for example, clogged bubbler or 
sampler lines can cause serious problems with flow measurements that are not 
registered by a telemetry unit. Although remote communications equipment is very 
useful and can significantly increase productivity, it is no substitute for site visits by 
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trained field personnel. Therefore, it is recommended that monitoring stations be 
inspected by personnel at least every four hours during a monitoring event. 

4.6 POWER SUPPLY EQUIPMENT  
Field monitoring equipment typically operates on 12-volt battery power. Although most 
manufacturers offer adaptors for use with 110-volt power sources, it is almost never 
practical to install landline 110-volt power to stormwater monitoring sites. Instead, 
Caltrans normally uses deep-cycle marine batteries to power monitoring equipment and 
solar panels to keep the batteries charged. 

A deep-cycle battery is designed to be charged and discharged repeatedly over its 
entire operational life. Deep-cycle batteries can be repeatedly charged and discharged 
from 20 to 80% of their capacity without degrading their functionality or sustaining 
damage. This makes them ideal for powering stormwater monitoring sites because they 
can be charged from low, continuous current from a solar panel and can power 
equipment for long periods during a storm. The design of a deep-cycle battery is 
different from starting (or automotive) batteries, which are designed to provide a large 
burst of power quickly but not to trickle power continuously for long periods. Deep-cycle 
marine batteries are a hybrid of deep-cycle and starting designs. 

A solar panel is used to charge the batteries in conjunction with a voltage regulator, 
which is installed between the solar panel and the battery. A voltage regulator prevents 
the battery from overcharging during sunny weather, when the monitoring equipment is 
not drawing current, and from being completely depleted during storms. Both 
overcharging and discharging too deeply can damage a deep-cycle battery. 

4.7 DATA LOGGING AND SYSTEM INTEGRATION  
The many kinds of automated monitoring devices discussed in this chapter must work in 
coordination with each other. One piece of equipment must act as a controller and data 
logger for all these devices to control them, coordinate their operations, and record the 
data they produce. Data records from each monitoring event are stored on the data 
logging system at each station. These records contain information used for creating 
hydrographs, hyetographs, and sample history.  

Data logging functionality is built into many flow meters and automatic samplers and 
can also be provided by third-party hardware. Built-in functionality of monitoring 
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equipment may be less expensive than third-party hardware, and using equipment 
designed by a single manufacturer usually ensures a more efficient and reliable system. 

For more complex programs, dedicated data loggers may be used to record data from 
multiple sensors or for better programming flexibility. Such data loggers for field use 
typically comprise a central processing unit (CPU) or microprocessor, random-access 
memory (RAM) for recording data, one or several data input ports, a data output port, a 
power source, and an internal telephone modem. Most data loggers have an input panel 
or keyboard and a display screen for field programming. The CPU processes the input 
data for storage in RAM, which must have an internal backup power source (such as a 
lithium-ion battery) to ensure data are not lost in the event of a primary power failure. 
Data stored in RAM are retrieved by downloading to a portable personal computer or to 
an offsite computer via modem. 

Most data loggers can be programmed in the field as well as remotely via telemetry to 
record data at user-selected intervals, trigger sample collection at specified intervals, 
and communicate alarms based on pre-set criteria. 

4.8 SECURITY ENCLOSURES  
Stormwater monitoring stations containing automated monitoring equipment require a 
proper protective enclosure that can be locked, is resistant to vandalism and tampering, 
and provides protection from the elements.  

There are many different styles of enclosure that are suitable for stormwater monitoring 
installations. They can be made of plastic, fiberglass, or metal, and come in various 
sizes and shapes. Monitoring enclosures should be selected based on conditions at the 
monitoring site. For example, in areas where equipment tampering is a concern, 
protective enclosures can be made of metal and surrounded with chain-link fencing with 
a locked gate and razor wire along the top. Refrigerated enclosures are available that 
keep samples cool without the need for ice. Taller, outhouse-style enclosures provide a 
sheltered area where field technicians can work, which can be convenient.  

Some areas may be regulated by state or local agencies that only allow smaller, less 
obtrusive enclosures on site. Some agencies require enclosures be painted a particular 
color to blend in with the surroundings. The consultant should check with local agencies 
before installing a monitoring station to obtain any aesthetic guidelines or other 
requirements for the appearance of a monitoring station. 
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4.9 DAMAGED, LOST, AND STOLEN EQUIPMENT 
Monitoring consultants are responsible for keeping track of Caltrans-owned equipment 
in their custody, and for assuring all equipment is returned to Caltrans when it is no 
longer needed. Occasionally equipment is damaged in the field. When this happens, the 
consultant must report the incident to the Caltrans Task Order Manager as soon as 
possible so the equipment can be replaced and the damaged piece of equipment can 
be removed from inventory. 

Sometimes monitoring equipment is vandalized or stolen. When a piece of equipment is 
stolen, the consultant must take the following actions: 

• Notify the Caltrans Task Order Manager immediately. The Task Order Manager 
will provide instructions on how to proceed. 

• Write a brief memorandum describing the equipment and the theft, including any 
other pertinent information. 

• Report the theft to the local California Highway Patrol office and obtain a police 
report. 

The memorandum and the police report should be forwarded to the Caltrans Task Order 
Manager as soon as they are available. 

4.10   CHECKING OUT AND RETURNING MONITORING EQUIPMENT 
Caltrans operates two storage yards for stormwater monitoring equipment and supplies. 
One is located at the intersection of 28th and X Streets in Sacramento and the other is 
located at 6533 Marine Way in Irvine. Monitoring consultants check equipment out of 
these two locations and return it for storage when it no longer needed. 

Neither of these storage facilities is staffed, so equipment pickups and drop-offs must 
be scheduled in advance. Consultants must notify their Caltrans Task Order Manager to 
arrange a date and time to pick up or drop off equipment. Access to the Sacramento 
facility can usually be arranged any time with a few days’ advance notice. The facility in 
Irvine is open on pre-scheduled days about six times per year, and monitoring 
consultants coordinate with Caltrans to pick up and drop off equipment on those days. 

4.10.1  CHECKING OUT MONITORING EQUIPMENT 
Consultants request monitoring equipment by filling out an Equipment Checkout Form 
and emailing it to the Caltrans Task Order Manager. The Equipment Checkout Form 
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lists the type and quantity of equipment being requested. The Task Order Manager 
checks availability and coordinates a date and time to meet at one of the storage yards. 
The Equipment Checkout Form shown in Figure 4.10 is available for download on the 
Caltrans Online Equipment Inventory web site (http://www.owp.csus.edu/ct_inventory). 

 

Figure 4-10  Equipment Checkout Form 

The consultant must bring a printed copy of the Equipment Checkout Form when 
meeting Caltrans at the storage yard. Each piece of equipment transferred is checked 
against the form and the equipment ID (the field beginning with “SW-“) is recorded. The 
consultant signs the completed form to certify they have taken custody of the 
equipment. 

4.10.2  RETURNING MONITORING EQUIPMENT 
When returning equipment to Caltrans custody, the consultant fills out an Equipment 
Turn-In Form that lists each piece of equipment to be turned in. The consultant emails 
the form to the Caltrans Task Order Manager, who then coordinates a date and time to 
meet at the storage yard. The Equipment Turn-In Form shown in Figure 4-11 is 
available for download on the Caltrans Online Equipment Inventory web site 
(http://www.owp.csus.edu/ct_inventory). 

The consultant must bring a printed copy of the Equipment Turn-in Form when meeting 
Caltrans at the storage yard. Each piece of equipment that is returned can be checked 
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off on the form and then a Caltrans representative will sign the form as having received 
the equipment. The form becomes the consultant’s permanent record that the 
equipment has been returned to Caltrans custody. 

 

Figure 4-11 Equipment Turn-In Form 
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5 ANALYTICAL METHODS AND LABORATORY SELECTION 

Once constituents have been selected, it is necessary to specify analytical methods and 
select a laboratory or laboratories to perform the analyses.   

Laboratories vary widely in their capabilities and the services they offer. A laboratory 
that is right for one project may not be for another. This chapter describes the 
characteristics of environmental laboratories that should be considered when selecting 
a lab for a monitoring project. 

Additional information regarding analytical protocols and laboratory procedures appears 
in Appendix M. Project managers should be familiar with the basics of water quality 
analysis to better understand and interpret laboratory data and to facilitate 
knowledgeable and constructive guidance to the lab. 

The following topics are covered in this chapter: 

• Analytical methods 

• Laboratory selection 

• Understanding laboratory data 

5.1 ANALYTICAL METHODS  
It is the laboratory’s responsibility to ensure that samples are analyzed using the 
specified and approved methodologies, and to produce data consistent with regulatory 
requirements, approved quality assurance/quality control (QA/QC) protocols, and 
industry best practices. Nevertheless, a working knowledge of environmental laboratory 
methods helps project managers and monitoring personnel to properly specify 
laboratory analytical requirements, communicate with laboratory personnel, and 
interpret results. 

Appendix M provides a review of some of the more common analytical methods 
laboratories use to test stormwater samples. Project team members should familiarize 
themselves with this material. This material is intended only as an introduction for 
stormwater professionals who may not be familiar with laboratory methods. 

NPDES permits require permittees to use EPA-approved analytical methods that are 
sensitive enough to quantify pollutants at or below applicable water quality criteria. 
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5.1.1 CONSIDERATIONS FOR METHOD SELECTION  
Most Caltrans stormwater monitoring projects include analyzing samples for a standard 
set of water quality constituents using established analytical methods. Constituents are 
discussed in Chapter 3 and standard analytical methods are shown in Table 5-1. 

However, project managers should review the analytical methods proposed for each 
new monitoring project, even if they have been used on previous projects. Laboratory 
technology changes over time, and there may be improvements in methodology that 
could be used to improve data quality. 

Certain monitoring projects may have special requirements, and it may be necessary to 
review available analytical methods to satisfy those requirements. For instance, a 
project may require measurement of a constituent that is new or unusual for stormwater 
monitoring, and a new analytical method may be required.  

When evaluating standard analytical methods or selecting new ones, the following 
questions should be answered: 

• Does the method conform to the legal or regulatory requirements that apply to 
the project? 

• Is the method appropriate for stormwater samples? 

• Can the method meet the project Data Quality Objectives (reporting limits and 
QA/QC requirements)? 

• Will the data produced by the method be comparable to historical data? 

• Is the method recognized by the appropriate accreditation agency, and is the 
laboratory properly accredited? 

Method references for most common stormwater monitoring constituents appear in 
Table 5-1. It is important to note that the decision to use methods that are not 
appropriately accredited, or to use laboratories that are not accredited for all of the 
methods they use, must be approved by the Caltrans Task Order Manager. 

5.1.2 CONSIDERATIONS FOR METHOD SELECTION IN TMDL AREAS  
If the monitoring location lies within one or more TMDL areas, then the TMDLs must be 
checked to determine if they specify preferred analytical methods.  

• If an analytical method has been specified in the TMDL resolution or Basin Plan 
Amendment, the laboratory should be consulted to confirm they can satisfy the 
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appropriate water quality objective or TMDL target detection limit using that 
method. The TMDL resolutions and Basin Plan Amendments are listed in 
Attachment IV of Caltrans Permit (Order WQ 2014-0077-DWQ). 

• If an analytical method has not been specified in the TMDL resolution or Basin 
Plan Amendment, the laboratory should use a method that complies with 40 
C.F.R. §136 methods (40 CFR Part 136 Analytical Methods) and ensure the 
reporting limit will meet the appropriate water quality objective or TMDL target 
concentration. 

• The Caltrans Task Order Manager must be notified if a method is not specified in 
the TMDL documents and the approved 40 C.F.R. §136 method(s) are unable to 
meet the water quality objective or TMDL target concentration. 

• There are cases where a TMDL specifies an acceptable analytical method, but 
where other method exist that can reach significantly lower detection limits. In 
these cases, the Caltrans Task Order Manager should be notified so Caltrans 
can consider using the alternate method. 

This applies only to TMDL constituents, not to constituents listed in Attachment II of the 
Caltrans Permit. However, the approach described here should be used for any TMDL 
constituent already listed in Attachment II of the Permit. If there is a conflict between the 
TMDL and Attachment II of the Permit, the method specified in the TMDL should take 
precedence. 

5.1.3 COMPARABILITY OF DIFFERENT METHODS 
Many Caltrans stormwater monitoring constituents may be analyzed by more than one 
method. In many cases, both Standard Methods (Standard Methods, 2012) and the 
United States Environmental Protection Agency may have written methods for a 
constituent. Other sources such as the American Society for Testing and Materials 
(ASTM) may also have methods that can be used to conduct these analyses. 

Sometimes different methods for a single analyte may be very similar or even identical; 
in other cases, methods may differ significantly in the chemistry or technology they 
employ. Different methods have the potential to produce results for the same 
constituent that are substantially different from each other. This must be considered 
when selecting which analytical method to use. 

The Caltrans NPDES permit contains a list of standard constituents that should be 
tested for at all monitoring sites. This list includes the analytical method that should be 
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Table 5-1 Common Monitoring Constituent Method Information 

Analyte Recommended 
Analytical Method Holding Time Container 

Type1 Preservation 
Recommended 

Reporting 
Limit8 

Units 

Physical and Aggregate Properties 

BOD 5210B 24 hours Glass or PE Between 0 and 6˚C 3 mg/L 

COD 
EPA 410.3; EPA 

410.4; SM 5220B, C, 
D 

28 days Glass or PE 
Between 0 and 6˚C 
HNO3 or H2SO4 to 

pH<2 
10 mg/L 

Conductivity SM 2510B 28 days Glass or PE Between 0 and 6˚C ±1 uS/cm 

Hardness as 
CaCO3 SM 2340B 6 months Glass or PE HNO3 or H2SO4 to 

pH<2 2 mg/L 

pH EPA 150.2; SM 4500-
H+B-2000 Field/Immediate2 N/A N/A ±0.1 pH units 

Temperature SM 2550B Field/Immediate2 N/A N/A ±0.1 ˚C 

TOC; DOC SM 5310B, C, D-2000 28 days Glass or PE 
Between 0 and 6˚C 
HNO3 or H2SO4 to 

pH<2 
1 mg/L 

TDS SM 2540C-1997 7 days Glass or PE Between 0 and 6˚C 1 mg/L 

TSS SM 2540D-1997 7 days Glass or PE Between 0 and 6˚C 1 mg/L 

Turbidity EPA 180.1; SM 
2130B-2001 48 hours Glass or PE Between 0 and 6˚C 0.5 NTU 

Fine Sediment 
Particles 

SM 2560 D/ 
Manufacturer’s 

Instructions 
36 hours Glass or PE Between 0 and 6˚C None Particles/mL 

Nutrients 
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5.2 LABORATORY SELECTION  
Stormwater monitoring studies sometimes have specific requirements that some 
environmental labs may not be able to satisfy. Several important items need to be 
considered when selecting a laboratory such as laboratory accreditation; experience in 
analysis of stormwater samples and project-specified analytical methods; and ability to 
meet project-specified analytical reporting limits, logistics, subcontracting, data 
reporting, and cost. It is important that an experienced project manager and a staff 
chemist be involved in the laboratory selection process, particularly if the study includes 
atypical analytical or reporting requirements. 

5.2.1 LABORATORY ACCREDITATION  
Environmental laboratories in California must be accredited in order to produce data for 
state agencies, including Caltrans. California labs are accredited either by the California 
Department of Public Health through the Environmental Laboratory Accreditation 
Program (ELAP), or by the national equivalent, the National Environmental Laboratory 
Accreditation Program (NELAP). Only data produced from ELAP- or NELAP-accredited 
laboratories are acceptable for regulatory purposes. 

Laboratories are accredited for each individual test they perform. When selecting a 
laboratory, the monitoring consultant must verify the lab is accredited for every required 
constituent. This should be done by providing the laboratory with a copy of the QAPP 
and requesting the lab verify in writing that they are accredited for all constituents 
required for the project. 

There may be times when a required constituent cannot be analyzed by an accredited 
laboratory or method. For example, Caltrans may occasionally perform monitoring 
studies, for research purposes, that utilize methods that are not recognized by ELAP or 
NELAP. These may include ASTM methods or DNA tests for identifying pathogenic 
bacteria. In other instances, there may be a need to achieve extremely low reporting 
limits for some constituent that are beyond the capabilities of certified commercial labs.  

The decision to use non-accredited analytical methods or laboratories must be 
approved by the Caltrans Task Order Manager. 

5.2.2 EXPERIENCE WITH STORMWATER SAMPLES AND ANALYTICAL METHODS  
It is important for the selected laboratories to have experience in analysis of stormwater 
samples, because the stormwater matrix is somewhat different from other types of 
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water quality samples, such as those for drinking water. An experienced laboratory will 
have knowledge of how to handle potential issues associated with stormwater samples, 
such as matrix interference, the expected range of results for dilution purposes, and 
other matrix-related technical issues.  

It is similarly important for the laboratory to have the necessary analytical equipment 
and an established record of performance with the project-specified analytical methods. 

5.2.3 ANALYTICAL REPORTING LIMITS  
For every constituent, the laboratory establishes a minimum concentration that can be 
reliably quantified using a given analytical method. These minimum concentrations, 
usually called reporting limits (RLs), can vary considerably from method to method and 
from lab to lab. When choosing a laboratory for a monitoring project it is important to 
ensure the lab’s reporting limits are low enough to meet the data quality objectives 
(DQOs) of the study. For example, if the project DQOs state that copper must be 
reported at a level of 1.0 microgram per liter (µg/L) or lower, then any laboratory with a 
reporting limit for copper higher than 1.0 µg/L would not be suitable for the project. 

As of 2008, Caltrans has required all chemistry results be reported at the method 
detection limits (MDLs), where applicable. The MDL is the lowest concentration that can 
be resolved from method baseline noise with a 99% confidence in a sample that does 
not contribute any matrix effect except for special circumstances. MDLs are lab- and 
method-specific and can vary widely from lab to lab. The RL is set for each analyte by 
the individual lab and is greater than the MDL. 

A laboratory’s MDLs change periodically, but their RLs will remain constant indefinitely; 
for this reason, a project’s DQOs should specify required reporting limits for project 
constituents but should not address MDLs. 

5.2.4 LOGISTICS   
Following are important logistical considerations that bear on laboratory selection: 

• Sample delivery/transport options 

• Sample container service 

• Laboratory capacity 

• Sample handling and preparation processes 

• Composite carboy cleaning 
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protocol, and that can clean large numbers of carboys quickly enough so that the 
monitoring consultant has them ready for the next storm. 

Laboratories’ hours of operation also vary. It is important to select a laboratory that is 
open to receive samples (or has a courier service to transport samples) in the evenings 
and on weekends, when stormwater samples are often collected. It is also necessary for 
a stormwater laboratory to have weekend staff available to perform analyses that must 
be performed immediately, such as pH, turbidity, and microbiological analyses. 

5.2.5 SUBCONTRACTING  
It is not unusual for laboratories to subcontract some tests to other labs. This may be 
done because the primary lab is not accredited for all the required analyses, because 
the primary lab cannot meet the required reporting limits or turnaround times for some 
analyses, because the primary lab is overloaded, or for other reasons. While 
subcontracting among laboratories is a common and acceptable practice, it raises 
issues about which the project manager and field technicians should be made aware. 

If a primary laboratory proposes to subcontract some analyses, the subcontractor lab 
must be accredited to perform all analyses that they will perform on the project. Before 
the project begins, the project manager should establish with the primary laboratory 
what subcontract labs, if any, they normally work with, and obtain a Statement of 
Qualifications (SOQ) from each lab. The SOQ is a document that describes the 
capabilities and certifications of a laboratory, including a list of each individual analysis it 
is certified to perform. When the monitoring consultant receives a lab report that 
includes data from a subcontract lab, the project manager should check the subcontract 
laboratory’s SOQ to make sure the work was done in accordance with ELAP/NELAP 
requirements. 

Samples that must be analyzed within a short period of time after collection should not 
be subcontracted unless necessary. Tests such as turbidity and orthophosphate, which 
must be analyzed within 48 hours of sample collection, are very difficult to transfer 
between labs in time for the subcontract lab to perform the analyses without exceeding 
holding time. If these kinds of samples must be subcontracted, then the monitoring 
consultant should arrange to transport them directly to the subcontract laboratory to 
save time. The logistics of subcontracting should be arranged with the primary 
laboratory before the monitoring phase of the project begins. 
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It is the responsibility of the primary laboratory to guarantee the quality of all data they 
report, including data obtained from subcontract labs. It is the primary lab’s 
responsibility to make sure all analyses are performed in accordance with approved 
methods, all project DQOs are met, and the data are ready on time. Only the primary 
laboratory should present invoices for payment for lab services, and any failure on the 
part of a subcontract lab should be treated as a failure of the primary laboratory. 

5.2.6 LABORATORY DATA REPORTING  
Caltrans receives laboratory data in both hardcopy and electronic formats. 

The standard hardcopy laboratory report for water chemistry data should contain the 
following elements: 

• Cover page bearing the laboratory name and ELAP/NELAP certification number, 
laboratory director’s and project manager’s names, statement that all analyses 
were performed in accordance with state and federal regulations, and the 
electronic signature of the individual who reviewed and is responsible for the data 
(usually the project manager). 

• Analytical data, including test result, units, reporting limit, MDL, client sample 
identification (ID), lab sample ID, analytical method reference, date and time of 
analysis, and quality control batch number. 

• Quality control data. Depending on the analysis, this normally includes some 
combination of results obtained from method blanks, laboratory control spikes 
(LCSs) or blank spikes, matrix spikes, laboratory duplicates, and the details of 
sample preparation (usually digestion or extraction). 

• A narrative that discusses any anomalies or problems encountered, any 
corrections made, or any other observations that may be relevant. 

• Completed chain-of-custody form. 

Standard hardcopy reports for toxicity data should contain the following elements: 

• Information about the test method used, including method reference, definition of 
test end points, analysis start and stop dates and times, test volumes used, 
number of chambers used, number of organisms used per chamber, acclimation 
information, temperature and water quality data of test water, and feeding 
schedule for test organisms. 
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• Specific information about the organisms used, including name, age at the time 
of analysis, life stage, size and weight, and where they were obtained. 

• Quality control information, usually the results of most recent reference toxicant 
tests. 

• Analytical results. These are usually presented as the raw toxicity data displayed 
in tabular form with a plot of observed toxicity, a final result such as an LC50 
(concentration at which the test water is lethal to 50% of the organisms) if 
appropriate, water quality data for the water used in the analysis, and the 
statistical methods used to calculate the end points. 

A PDF version of hardcopy reports should be emailed to the monitoring consultant as 
soon as it is available. Normally, reports should be received from the laboratory no later 
than ten business days after the samples are submitted, although longer turnaround 
times can be negotiated if they are required for some reason (consultants must obtain 
approval from the Caltrans Task Order Manager before changing standard turnaround 
times). Paper copies are not required if the PDF copies are complete and bear a 
signature page and a scanned chain-of-custody form but may be requested from the 
laboratory at the discretion of the monitoring consultant. Paper hardcopies should be 
supplied by the laboratory at no additional cost to Caltrans. Final PDF versions of the 
laboratory reports must be submitted to Caltrans after all data quality issues have been 
addressed. 

All analytical data must also be submitted in electronic form. An electronic data 
deliverable (EDD) is a file that contains the analytical data and associated quality 
control data.  

5.2.7 COST  
Before the monitoring phase of a project begins, a monitoring consultant must add one 
or more laboratories that meet the needs of the program to their consulting contract. 
The contact laboratories can then be used as needed. Sometimes it may not be 
possible to use the laboratory that submitted the lowest bid. For example, if the lowest 
bidder does not have reporting limits that meet the project DQOs then it cannot be used 
on the project. The consultant must evaluate the capabilities of each prospective project 
laboratory and select the lowest bidder that meets the project DQOs.  

Most of the following services are usually provided by environmental laboratories at no 
additional cost: 
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• Certified clean, pre-preserved sample containers 

• Deionized water to be used for field blanks and equipment rinsing 

• Travel blanks 

• Delivery of sample containers, coolers, and deionized water 

• Sample pickup at the consultant office and project sites 

• Sample preparation, including filtration for dissolved constituents 

• After-hours sample receipt 

• After-hours analysis of short-hold-time samples 

• Full QC package with each report 

• Reports in both hardcopy and EDD formats 

Some labs may charge a nominal fee for some of these services but may still be 
selected for a project if their overall price is still the lowest and if the lab meets the 
project DQOs. These services should be negotiated before the project begins so they 
do not appear as unexpected costs. 

5.2.8 LABORATORY KICKOFF MEETING  
Before the monitoring phase of a project begins, the consultant should hold a kickoff 
meeting with the laboratory to go over the material discussed in this chapter. A kickoff 
meeting may not be required when using a laboratory that has been used on other 
Caltrans projects, but it is necessary when using a lab that has not worked previously 
with Caltrans or with the consultant. Table 5.2 lists the general topics that should be 
discussed at a kickoff meeting. 
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Table 5-2 Laboratory Kickoff Meeting Discussion Topics 

Category Discussion Item 

Laboratory Performance 
Requirements 

Reporting limits 
Analytical methods 
Project Data Quality Objectives (DQO) 
Reporting and data management  
Sample containers, carboy cleaning 

Sample Handling 

Volumes required for environmental and QC samples 
Holding times 
Preservatives 
Compositing instructions 
Prioritizing analyses for samples with insufficient volume 
Hours of operation for sample receiving 
Performing short-hold-time analyses outside regular business hours 
Laboratory sample pickup and bottle delivery services 

Contact Information 
Project manager email and telephone 
Sample receiving department contact information 
After-hours contact information 

Lead Time Requirements 

Laboratory’s desired lead time 
Any special lead time requirements for certain tests or after-hours services 
Lead time requirements for bottle delivery and sample pickup, carboy 
cleaning 

Costs 
Negotiated costs for the project 
Costs for accelerated turnaround times 
Additional costs that may be incurred 

5.3 UNDERSTANDING LABORATORY DATA 
This section covers the basic concepts of sample handling, preparation, and analysis 
that monitoring consultants must be familiar with in order to work effectively with the 
laboratory. The information presented in this section should also be part of any training 
program for new field technicians and for project managers who are unfamiliar with 
stormwater monitoring. 

The following topics are covered in this section: 

• Limits of quantitation 

• Holding time and sample preservation 

• Total and dissolved fractions 

• Sample preparation 
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• Insufficient sample volume 

• Interference 

5.3.1 LIMITS OF QUANTITATION  
A laboratory does not report a measured result for a target analyte as zero; every 
measurement is reported either as the measured concentration of target analyte or as 
less than a minimum threshold concentration. Each analytical method has a minimum 
threshold concentration that can quantify accurately. If the target analyte is not detected 
at or above this minimum concentration, then the laboratory reports it as “less than” this 
value. 

There are two kinds of minimum quantitation limits commonly used by environmental 
laboratories: MDLs and RLs. As of 2008, Caltrans requires analytical results be reported 
down to the MDLs. 

5.3.2 METHOD DETECTION LIMITS  
The MDL is defined as the minimum concentration of analyte that can be identified, 
measured, and reported with 99% confidence that the analyte concentration is greater 
than zero. MDLs must be calculated separately for each constituent and for each 
analytical instrument used to perform the analysis. For instance, if a lab uses two 
instruments to analyze samples for trace metals, then MDLs for each element would 
have to be established for both instruments. If both instruments analyze samples for 
copper and lead, then separate MDLs are required for both elements on both 
instruments. 

An MDL is determined from analysis of a sample in a given matrix containing the 
analyte. The material, such as water and sediment, that composes the sample, is called 
the “sample matrix” or simply “matrix.” In strict terms, “matrix” refers to the components 
of a sample other than the analyte. 

As indicated earlier, Caltrans now requires all constituents must be reported to the MDL. 
Concentrations reported between the MDLs and the RLs should be considered to be 
estimates.  

5.3.3 REPORTING LIMITS  
For most constituents, laboratories establish RLs for the purpose of reporting analytical 
results. A reporting limit is the minimum concentration of an analyte that can be 
measured within specified limits of precision and accuracy. If the concentration of a 
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Table 5-3 Some Common Acronyms Used for Limits of Quantitation 
Acronym Name Description1 

RL Reporting Limit 
Lowest concentration reported by the laboratory. Any 
concentrations detected below this value are usually 
reported as “less than” this value. 

DL Detection Limit Commonly used synonymously with RL. 
EQL Estimated Quantitation Limit Commonly used synonymously with RL. 

IDL Instrument Detection Limit 
Lowest concentration that can be detected by an 
instrument. Does not take methodological factors into 
account. 

LLD Lower Limit of Detection Commonly used synonymously with IDL. 
LLQ Lower Limit of Quantitation Commonly used synonymously with RL. 

LOD Limit of Detection Commonly used synonymously with MDL, and sometimes 
with IDL. 

LOL Limit of Linearity Highest concentration that is within the linear calibration 
range of the instrument or method. 

LOQ Limit of Quantitation Commonly used synonymously with RL. 

MDC Minimum Detectable 
Concentration Commonly used synonymously with MDL 

MDL Method Detection Limit 
Lowest concentration that can be resolved from method 
baseline noise with a 99% confidence in a sample that 
does not contribute any matrix effect.  

MQL Method Quantitation Limit Commonly used synonymously with RL. 
PQL Practical Quantitation Limit. Commonly used synonymously with RL. 

SDL Sample Detection Limit The MDL adjusted to take specifics of sample matrix and 
preparation into account. 

SQL Sample Quantitation Limit Commonly used synonymously with SDL. 
UCL Upper Calibration Limit Commonly used synonymously with LOL. 

1These descriptions are intended to be used only as a reference for non-laboratory personnel who may 
run across them. Many of these terms have more specific, rigorous definitions that are beyond the scope 
of this manual. 

5.3.4 HOLDING TIME AND SAMPLE PRESERVATION  
A holding time (or hold time) is the amount of time a sample can be stored, between the 
time it is collected and the time the analysis begins, without significantly affecting the 
analytical results.  

Holding times vary by constituent. Some holding times are very short; USEPA 
guidelines require that pH be tested no later than 15 minutes after the sample has been 
collected. Testing for coliform and for particle size distribution must be conducted within 
eight hours of sample collection. Conductivity should be tested within 24 hours of 
sample collection. Certain ions such as nitrite and orthophosphate should be tested 
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within 48 hours of collection. Other tests have much longer hold times; for example, 
most total metals have holding times of six months. Holding times may also vary by 
matrix, sometimes significantly. For example, hexavalent chromium has a holding time 
of 24 hours in water, but 30 days in soil.  

It is important that the laboratory begin all analyses within their specified holding times, 
but it is particularly critical that hold times be met for samples that will be used for 
regulatory purposes. Analytical data for samples that have been analyzed past their 
holding times may be scientifically sound under some circumstances but are never 
acceptable for regulatory compliance. If samples are analyzed past holding time, the 
resulting data are flagged as “estimated” by the laboratory. 

Samples often must be preserved when they are collected. Sample preservatives are 
chemicals that are added to stabilize a sample, so the concentrations of target analytes 
do not change before the sample is analyzed. Sample holding times are applicable only 
to samples that have been preserved properly. 

Like holding times, preservatives vary by constituent. In the context of stormwater 
monitoring, preservation methods are generally limited to pH control, chemical addition, 
filtration, and refrigeration. Sample preservation is generally intended to retard chemical 
reactions in the sample, to retard microbiological action, to reduce adsorption of 
constituents onto the surface of the sample container, and to reduce volatility.  

Refrigeration is one universal form of sample preservation. All stormwater samples 
should be kept between 0 and 6° C during collection, transport, and storage. Various 
kinds of acids are also common preservatives. Other analyses require a high pH, or the 
addition of some other chemical to preserve samples. Common preservatives used in 
stormwater monitoring are listed in Table 5-1. 

Laboratories add the correct amounts of preservatives to sample containers provided to 
monitoring consultants. Pre-preserved containers are convenient for field technicians 
and are certified by the lab to be free of contamination. Pre-preserved containers 
obtained from a laboratory should always be used for Caltrans stormwater monitoring 
projects. Under normal circumstances, monitoring consultants should never have to 
preserve their own sample containers. 

5.3.5 TOTAL AND DISSOLVED FRACTIONS  
It is common for some constituents to be analyzed in both total and dissolved form. The 
total fraction is a measure of all target analyte in a sample. The dissolved fraction is a 
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measure of the target analyte that is not associated with particulate matter, either as a 
material component of particles or adsorbed onto particles. This distinction is of interest 
to regulators and researchers because dissolved constituents are often absorbed by 
aquatic life much more easily than constituents that are associated with particulate 
matter. Total and dissolved fractions may also be of interest when evaluating 
experimental treatment systems. 

To determine a total concentration, the laboratory performs the analysis on an unfiltered 
sample. To determine dissolved concentration, the lab performs the same analysis on a 
sample that has been passed through a filter. A filter size of 0.45 microns is almost 
always used when testing for dissolved metals, nutrients, organics, or other dissolved 
constituents. An exception to this rule is total dissolved solids (TDS), which are 
analyzed after the sample is passed through a glass filter with a pore size of 
approximately one to two microns.  

For chemical analysis of the dissolved fraction, a sample must be filtered before a 
chemical preservative is added. This is because preservatives very often change the 
ratio of total versus dissolved constituent in a sample (this ratio is sometimes referred to 
as the partition ratio). For example, total metals are preserved with acid, but lowering 
the pH of a sample dissolves some particles that might contain metals. Therefore, to 
determine the true concentrations of trace metals in the total and dissolved fractions, 
the sample must be filtered before lowering the pH.  

The ratios of total and dissolved fractions of many constituents can be highly dynamic in 
a stormwater sample. For this reason, samples that require dissolved analyses must be 
filtered as soon as possible after they are collected and should always be filtered within 
24 hours of collection. 

5.3.6 SAMPLE PREPARATION  
Some analytical methods require a preparation step. There are two with which 
stormwater monitoring personnel should be familiar – digestion and extraction. 

Sample digestion is the process of mixing the sample with strong acid and heating it. 
Digestion drives all the target analyte into dissolved form. The sample digest is then 
analyzed for the target constituent. Trace metals and total phosphorus are two 
examples of analyses that normally involve a digestion step, although very clean water 
may sometimes be analyzed without digestion.  
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Sample extraction is the process of removing some constituents from a sample. In the 
context of an aqueous sample like stormwater, this is done by adding an organic solvent 
to the sample and agitating it vigorously. Organic molecules in the sample are extracted 
out of the aqueous phase and into the solvent phase. The solvent, which now contains 
the target analyte, is separated from the sample, and this extract is then analyzed. 

5.3.7 INSUFFICIENT SAMPLE VOLUME  
Occasionally, stormwater samples are collected that do not have sufficient volume to 
perform all of the required analyses. Laboratories handle this situation either by diluting 
the sample to increase the volume, or by performing only some of the required analyses 
and omitting others. Monitoring consultants must understand both approaches so they 
can give proper guidance to the laboratory when this situation occurs. 

A laboratory can dilute the sample with deionized water to bring it up to the required 
volume (or, depending on the analysis, may simply use less sample volume for each 
analysis, which amounts to the same thing). This is an effective solution, but it has one 
very important drawback: whenever a sample is diluted in the lab, the analytical 
reporting limits must be raised proportionately. This is because, as the sample volume 
is increased, the constituents in the sample are diluted proportionately. For instance, if 
the concentration of zinc in a sample was 1.2 µg/L and the sample were diluted to twice 
its original volume, then the concentration of zinc in the diluted sample would only be 
0.6 µg/L. If the laboratory’s reporting limit for zinc is 1.0 µg/L then the concentration of 
zinc in the diluted sample would not be detected, even though it was present in 
detectable amounts in the original sample.  

In practice, the laboratory accounts for this effect by raising its reporting limits in 
proportion to the dilution; in the zinc example, the reporting limit would double from 1.0 
µg/L to 2.0 µg/L, because the total volume was doubled. So, while diluting a sample 
provides the lab with enough sample volume, it may result in an unacceptable rise in 
reporting limits. 

A good way to avoid this problem is to direct the laboratory to perform all analyses with 
sensitive reporting limits first (this is usually the case with trace metals, for example), 
and then dilute the remainder of the sample for the rest of the analyses.  

Another way a laboratory can handle a sample with insufficient volume is to perform 
only some of the requested analyses. This approach has the benefit of not affecting 
reporting limits but has the obvious drawback that the sample will not be analyzed for all 
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6 MONITORING SITE SELECTION 

A monitoring site is a specific location within a study area where samples are collected. 
Samples should be collected at the same place over the life of a monitoring project, so 
the samples represent the study area in a consistent way. Monitoring sites must be 
selected before the sample collection phase of a project begins and should not change 
over the life of the project. 

Each monitoring project and study area is unique. A field assessment of the study area 
should be conducted by experienced project managers and field technicians to locate 
monitoring sites that will best meet the project objectives. 

The following considerations for site selection are discussed in this chapter: 

• Personnel safety 

• Site access 

• Security of monitoring equipment 

• Ease of flow measurement  

• Representativeness 

• Permit requirements 

• Electrical power 

• Cellular telephones and telemetry 

• Use of existing monitoring sites 

• Planned changes to the study area 

• Use of project data for other studies 

• Project-specific considerations 

6.1 PERSONNEL SAFETY 
The first thing to consider when selecting monitoring sites is the safety of field 
personnel. It is common for stormwater monitoring to be performed under heavy storm 
conditions, at night, on slippery or uneven surfaces, near traffic, and sometimes in 
relatively remote areas.  
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6.2 SITE ACCESS  
When choosing a monitoring site, it is important to consider how field personnel will 
access the site, both while installing monitoring equipment and when collecting 
stormwater samples. A site that is easy to access in daylight under dry-weather 
conditions may be significantly more difficult to access safely during a storm or at night.  

The site must be large enough to accommodate a vehicle, at least two field technicians, 
and all equipment required for monitoring. Some monitoring activities, such as replacing 
sample carboys and performing equipment and site maintenance, require considerable 
space, which must be taken into consideration when evaluating a prospective 
monitoring site. If possible, the site should also have an area where a vehicle can be 
parked away from the shoulder of the road.  

It is advisable to choose monitoring sites that are not located on private property and 
can be accessed without crossing private property. A property owner may rescind 
permission to access a site without cause or change the terms of site access in an 
unacceptable way, and this could make it necessary to change monitoring sites in the 
middle of a project.  

If use of private property for monitoring site access cannot be avoided, it is important to 
negotiate the terms of site access with the landowner before developing the site, and to 
obtain the terms in writing with an assurance that the terms will not change over the life 
of the project. 

When evaluating access to a prospective monitoring site, it is necessary to identify the 
route that field personnel will take to and from the site, and to ensure that field crews will 
be able to access the site 24 hours a day and on weekends and holidays. 

The QAPP should contain precise driving directions to each project monitoring site and 
a map of each monitoring site that clearly shows how the site should be accessed.  

Figure 6-1 shows an example of a monitoring site map.  

The QAPP should also contain any other information necessary for site access, such as 
applicable permits, contact information for people who must be notified prior to site 
entry, and required keys. These factors should all be noted during the site evaluation 
process. 

The Caltrans Task Order Manager will visit each new stormwater monitoring station 
before monitoring begins, in order to verify that the site meets Caltrans requirements. 
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Figure 6-1 Example of a Site Access Map 

6.3 SECURITY OF MONITORING EQUIPMENT 
Monitoring equipment that is permanently installed in the field is susceptible to theft, 
vandalism, and damage due to mishaps such as traffic accidents. Although it is not 
possible to eliminate these risks, care should be taken to minimize them. Automated 
monitoring sites should only be selected where equipment can be installed in protective 
enclosures that are resistant to vandalism and tampering. Ideally it should be possible 
to secure the site with a fence and locked gate. When possible, monitoring sites should 
be selected that are away from heavily populated areas and where monitoring 
equipment is not visible to foot and automobile traffic. For sites where equipment is 
visible and accessible, the possibility of installing additional security measures such as 
fences should be considered during the site-evaluation process. 

The Highway Design Manual (Caltrans 2009b) requires fixed objects be eliminated or 
moved outside the clear recovery zone to a location where they are unlikely to be hit. A 
clear recovery zone is an unobstructed, relatively flat (4:1 or flatter) or gently sloping 
area beyond the edge of the traveled way which affords the drivers of errant vehicles 
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the opportunity to regain control. Figure 6-1 shows the minimum desirable clear 
recovery zone widths for the type of facility indicated. 

Table 6-1 Clear Recovery Zone Widths 
Facility type Clear Recovery Zone 

Freeways and Expressways – 30 feet 30 feet 
Conventional Highways – 20 feet* 20 feet 

* On conventional highways with posted speeds less than or equal to 40 mph and 
curbs, clear recovery zone widths do not apply. See minimum horizontal 
clearance, Index 309.1(3) (c). 

Please refer to Highway Design Manual Topic 309.1 for details (Caltrans 2009b). 

6.4 EASE OF FLOW MEASUREMENT  
Accurate measurement of runoff flow volume is a necessary part of most stormwater 
monitoring projects and is required for collection of flow-weighted composite samples.  

Flow volume is usually measured using a primary flow measurement device, such as a 
flume or weir, in combination with a flow meter to gauge depth and/or flow velocity. 
There is a considerable variety of flow measurement devices available that can be used 
in many different combinations. An experienced field technician can often improvise a 
system that will measure flow volume accurately under difficult conditions; however, 
choosing a site with hydraulic characteristics that are favorable to straightforward 
measurement of runoff flow volume can make it easier and less expensive to install a 
monitoring station, make monitoring less difficult, and reduce the possibility of flow 
measurement errors.  

Chapter 8 discusses steps for setting up a flow measurement system, and these should 
be consulted when potential monitoring sites are being evaluated. However, each 
potential monitoring site poses unique challenges, and a site may have drawbacks that 
a set of written guidelines might not anticipate. For this reason, it is important that an 
experienced field technician be involved in the evaluation phase of the site-selection 
process. 

6.5 REPRESENTATIVENESS  
It is important to collect samples that are representative of stormwater runoff from the 
entire monitoring site.  

It can be difficult to know how runoff behaves on a site without observing the site during 
wet weather. Prospective monitoring sites must be visited during, or shortly after, a 
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storm to verify that parts of the site do not drain in an unexpected way and the selected 
sampling point receives runoff that represents the entire site. 

Several characteristics potentially impact the representativeness of discharge at a given 
site, including the following:  

• Depth of groundwater table 

• Comingled flow (run-on flow from offsite) 

• Illegal discharges, illegal dumping, and illicit connections 

• Surrounding land uses 

These characteristics are discussed below individually. 

6.5.1 BACKWATER AND TIDAL INFLUENCES  
A depth-based flow measurement device such as a flume or channel will only work 
properly if water flowing through it can discharge freely. If the discharge from this type of 
device is obstructed, then water can back up into the system, breaking the depth-to-flow 
relationship of the device (see Chapter 4). Accurate flow measurement becomes much 
more complicated under these conditions. Primary flow measurement devices should 
always be placed where the runoff is free flowing (gravity flow). Figure 6.2 illustrates 
how a high downstream water level can affect a monitoring site. 

 

Figure 6-2 Backwater Influence 
Ocean tides can cause a backwater problem in coastal areas, and avoiding downstream 
tidal effects can be tricky. Even if a site appears to be free flowing during a normal high 
tide, spring tides may be significantly higher than normal high tides and cause an 
unexpected backwater problem. Also, tides can affect the flow of surface waters at 
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surprising distances from the ocean. Extra attention should be paid to this potential 
problem when investigating prospective monitoring sites in coastal areas. 

A simple way to check for tidal influences in coastal surface waters is to place a flow 
meter at a prospective monitoring site and collect flow data continuously over several 
days. If the observed flow velocity varies in synchronization with the tide, the site is 
almost certainly being influenced by tidal effects and should probably be rejected. 

When backwater effects are likely, an area/velocity meter could still provide relatively 
accurate flor measurement. This may help consultants use sites that would otherwise 
be rejected. 

6.5.2 DEPTH OF GROUNDWATER TABLE  
A high groundwater table may reach the surface if the ground becomes saturated during 
the wet season. In this case, groundwater could mix with stormwater runoff and 
influence the measurement of stormwater quality and flow volume. If possible, areas 
with a high groundwater table should not be selected as monitoring sites. 

6.5.3 COMMINGLED FLOW  
Just as it is essential that runoff from a monitoring site represents the entire site, it is 
also important that the site does not receive unidentified run-on flow during wet weather. 
The composition of stormwater runoff from a monitoring site can be changed if it 
commingles with flow from unknown sources, and this can result in analytical data that 
do not represent the site. This problem can be particularly serious when run-on flow 
commingles with site runoff without being detected, because it can lead to 
misinterpretation of the data.  

Prospective monitoring sites must be visited during or shortly after a storm to verify they 
do not receive run-on flow from off-site. In some cases, it may be possible to intercept 
run-on flow and prevent it from commingling with flow from the site. If this is not 
possible, and if it is determined that the run-on flow would cause unpredictable changes 
in the water quality of site run-off, the site should not be used for monitoring unless the 
goal is to study run-on flows.  

6.5.4 ILLEGAL DISCHARGES, ILLEGAL DUMPING, AND ILLICIT CONNECTIONS  
An illicit discharge is defined in 40 Code of Federal Regulations section 122.26(b)(2) as 
"any discharge to a municipal storm sewer that is not composed entirely of storm water 
except discharges pursuant to an NPDES permit (other than the NPDES Permit for 
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leave the area immediately and contact the Caltrans District NPDES coordinator. If 
there is any reason to believe that unexplained discharges or refuse may cause an 
immediate safety concern to the surrounding area, field personnel are to leave the area 
immediately and contact the county Sheriff’s Office or local fire department. 

6.5.5 SURROUNDING LAND USES  
Monitoring sites should be selected such that surrounding land uses do not impact the 
stormwater discharged from department facilities. The most common interference is 
atmospheric deposition of materials onto the study area from the local surroundings, 
although run-on flows from off-site can also carry unwanted materials onto the 
monitoring site.  

As an example, if one of the objectives of a study is to detect low levels of residual 
herbicides in stormwater runoff from the highway, monitoring sites near active 
agricultural areas where herbicides may be in use should be avoided. Wind could blow 
freshly applied herbicides from the surrounding area onto the monitoring site, either as 
aerosols or adsorbed on dust particles, and contaminate the site runoff. 

6.6 PERMIT REQUIREMENTS  
All site development and stormwater monitoring must be performed in accordance with 
the Caltrans permit. In addition, it is often necessary to obtain other permits before 
developing a monitoring site. Permitting requirements vary widely from area to area and 
there are many organizations that could potentially require permits. These organizations 
can be grouped into three types:  

• State agencies: for example, the State Water Resources Control Board or the 
California Coastal Commission 

• Local agencies: for example, a county or municipality 

• Non-governmental agencies: for example, local historical societies and Native 
American tribes 

It is important to check with all agencies that may require permits before selecting a 
monitoring site. Field crews must have copies of all applicable permits in their 
possession whenever they are deployed to the field (see Chapter 7) for a detailed 
discussion of the permitting process. 
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6.7 ELECTRICAL POWER  
Nearly all Caltrans stormwater monitoring stations use a combination of solar panels 
and deep-cycle marine batteries for electrical power. Monitoring sites should be located 
in areas where sunlight is not obstructed so batteries can maintain a full charge. 

The cost of installing AC power at a monitoring site is almost always cost-prohibitive. 
Occasionally, AC power may be available near a site. In this case the site may be 
developed using AC-powered monitoring equipment, which will eliminate the need to 
charge batteries and maintain solar panels. The reliability of the AC power source 
should be considered when choosing this option; power outages are most common 
during heavy storms and could result in missed monitoring events if backup power is not 
available. 

6.8 CELLULAR TELEPHONES AND TELEMETRY  
Cellular telephones can be used by field technicians to coordinate various field 
activities, sample pickups, and delivery of replacement equipment. 

Monitoring stations can be equipped with telemetry equipment that allows them to be 
programmed and interrogated remotely via cell phone. The use of remote 
communications allows one technician to monitor multiple monitoring sites from a 
central location. Automated equipment can also be programmed to send alerts in the 
event of a malfunction. 

In some cases, cell phone coverage will not be available in the study area. But when 
cellular coverage is available, monitoring sites should be selected in places that have 
cell phone reception. Before monitoring begins, field personnel should familiarize 
themselves with areas where cellular coverage is available and areas where cell 
phones may not work reliably. 

6.9 USE OF EXISTING MONITORING SITES  
Caltrans has hundreds of historical monitoring sites located around the state. These 
existing or prior sites should be included in any list of prospective monitoring sites if they 
fall within the study area and satisfy the project site selection criteria.  

Making use of existing monitoring sites offers several advantages. First, hydrologic 
characteristics of existing sites are usually well known. There is less chance that an 
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unexpected monitoring problem will arise on a site that has already been used 
successfully to collect stormwater runoff.  

When developing monitoring sites, it is often necessary to perform minor construction 
such as pouring concrete slabs for equipment enclosures or digging trenches for flumes 
or other primary flow measurement devices. Using historical monitoring sites where this 
work has already been done can reduce construction time and decrease the cost of site 
development. 

It is also beneficial to use existing monitoring sites because project data can be 
compared to historical data from the same site. This may help with interpretation of 
project data or be of interest to Caltrans to compare the quality of stormwater runoff 
over time. 

6.10  PLANNED CHANGES TO THE STUDY AREA  
Before choosing a monitoring site it is advisable to check with Caltrans headquarters 
and the district NPDES coordinator to make sure that there are no plans for construction 
or other modifications to the area during the planned course of the monitoring project. If 
the monitoring phase of a project begins and then Caltrans performs a large-scale 
project in the area such as construction or landscaping, the quality of stormwater runoff 
could be affected. This could impact data quality mid-project, potentially making it 
necessary to relocate the monitoring site. 

6.11   USE OF PROJECT DATA FOR OTHER STUDIES  
Sometimes data collected as part of one project can be useful for other projects or 
studies. For example, selecting monitoring sites that discharge directly into surface 
water bodies might be useful in helping Caltrans evaluate the effects of runoff on 
receiving waters. When selecting a monitoring site, it may be worthwhile to consider 
how the data collected at the site could be used in the future. 

6.12   PROJECT-SPECIFIC CONSIDERATIONS  
The guidelines presented in this chapter are general, practical considerations for 
choosing a monitoring site. These guidelines will almost always have to be considered 
when planning a monitoring project, regardless of what the purpose of the project is or 
what other factors are involved.  
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6.13  CONDITIONS TO AVOID 
When selecting a monitoring site, field technicians must be aware of factors that might 
compromise data quality.  

For example, Figure 6-4 illustrates a couple of conditions that can interfere with 
sampling of highway runoff. Solids that overtop a curb will add a significant amount of 
solid material to the stormwater runoff. Shrubbery overhanging the runoff area 
sometimes contributes nutrients to the runoff stream. These are just two examples of 
the kinds of things field personnel should watch for when selecting a monitoring site. 
Caltrans district maintenance personnel should be notified to rectify such conditions that 
can impair runoff quality. 

 

Figure 6-4 (Left) Sediment Overtopping a Curb; (Right) Overhanging Shrubbery  

6.13.1   REQUESTING NEW MONITORING STATION IDS 
Every Caltrans stormwater monitoring site must be assigned a unique Station ID. 
Station IDs are necessary when referencing stations in Caltrans documents and when 
reporting monitoring data. 

Station IDs are distributed by Caltrans. When a station is developed, the monitoring 
consultant fills out the Caltrans Station ID Form with the required information and 
submits it to the Task Order Manager. The form is returned to the consultant with the 
new Station IDs filled in. A copy of the Caltrans Station ID Request Form is available at 
the Caltrans Stormwater Program website under the Forms and Templates Tab 
(http://www.dot.ca.gov/env/stormwater/). It is also included on the DVD that 
accompanies this manual and is available from the Caltrans Task Order Managers. 

During the site development process, the Caltrans Task Order Manager will conduct a 
site visit to the selected location and verify that the site meets Caltrans’ needs 
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7 PERMITS AND ENVIRONMENTAL COMPLIANCE 

Once the study plan is developed, monitoring methods and equipment are identified, 
and monitoring sites are selected, applicable regulatory permits and approvals must be 
obtained. Permits may be required if the monitoring project will involve installation of 
monitoring equipment and related structures within jurisdictional drainages or for 
activities within a public right-of-way. This must be done prior to proceeding with project 
implementation. 

Regulatory requirements for monitoring projects should be identified by the affected 
District’s Environmental Unit. Planning and implementation of the monitoring project 
should be closely coordinated with District environmental staff, and the local NPDES 
coordinator(s) must be consulted during the planning stages for every monitoring 
project.  

For statewide or broader regional projects, monitoring project planners should consult 
with Caltrans headquarters Office of Stormwater Program Development (contact 
information is also available at above web link).  

Permits and approvals that may be required are briefly summarized in the following 
sections. A more thorough discussion of environmental laws and regulations that may 
affect monitoring projects can be found in the Caltrans Standard Environmental 
Reference (SER), available at the following website: 

http://www.dot.ca.gov/ser/vol1/vol1.htm 

The following environmental compliance and permitting topics are covered in this 
chapter: 

• California Environmental Quality Act (CEQA)/National Environmental Policy Act 
(NEPA) compliance 

• Caltrans permits 

• Non-Caltrans permits and approvals 

• Stormwater Pollution Prevention Plan/Water Pollution Control Program 
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7.1 CEQA AND NEPA REQUIREMENTS   
The California Environmental Quality Act (CEQA) defines procedures for environmental 
review and impact analysis of projects that need approval by local or state agencies. 
The National Environmental Policy Act (NEPA) does the same for projects that need 
approval by federal agencies. Both laws require that the potential environmental 
impacts of a proposed project be assessed, quantified, disclosed, minimized, and 
eliminated whenever possible. Stormwater monitoring projects generally do not produce 
such effects, though occasionally there may be exceptions.  

Note that projects subject to NEPA include those that (1) are developed under the 
auspices of Caltrans and will receive federal funding or approval by the Federal 
Highway Administration and/or (2) will be issued a federal permit (e.g., Clean Water Act 
[CWA] Section 404 Permit). If a project appropriates federal funding, the monitoring 
contract agreement for the project must incorporate the necessary NEPA requirements. 

CEQA and NEPA document requirements vary in complexity and may result in 
significant delays in scheduling. Consideration of requirements should be made during 
the planning phase of a project. Contact the appropriate Caltrans District and/or the 
Caltrans Division of Environmental Analysis early in the project planning phase to 
determine whether any of these requirements will apply. In many districts, the District 
NPDES coordinator is the appropriate person to contact; other districts may have a 
separate office dedicated to regulatory compliance. 

A general timeframe for preparing and processing these documents is provided in Table 
7.1. 

Table 7-1 General Timeline for CEQA Documents 
CEQA NEPA Average 

Categorical Exemption Categorical Exclusion 1 to 12 
months 

Initial Study with Negative or 
Mitigated Negative Declaration 

Environmental Assessment with Finding of No 
Significant Impact 1.5 to 3 years 

Environmental Impact Report Environmental Impact Statement 3 to 6-plus 
years 

7.2 NON-CALTRANS PERMITS AND APPROVALS   
Depending on project location, affected resources, and type of construction activities, 
other permits and/or approvals may be required from various federal, state, and local 
agencies. Regulatory agencies that must be consulted for a given monitoring project 
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should be identified by the District’s Environmental Unit. Federal agencies may typically 
include US Army Corps of Engineers (USACE) and US Fish and Wildlife Service 
(USFWS). State agencies may include the State Water Resources Control Board (State 
Water Board), Regional Water Quality Control Board (RWQCB), and CCC. Permits that 
may be required for construction/installation of equipment and/or facilities associated 
with monitoring projects are outlined below. 

7.2.1 NON-CALTRANS ENCROACHMENT PERMITS   
An encroachment permit may be required from a local public agency (e.g., city, county, 
flood control district) for work or activities performed in a public right-of-way (e.g., 
streets, storm drain easements, flood control facilities) under the jurisdiction of the local 
agency. Prior to implementing monitoring activities within a public right-of-way, 
consultation with the local agency must be scheduled through the Caltrans 
encroachment permit Coordinator. Consultation with the local agency is necessary to 
determine the need and procedures for obtaining an encroachment permit. 

7.2.2 CALIFORNIA COASTAL COMMISSION, COASTAL ZONE PERMIT   
The California Coastal Commission (CCC) is the state agency that implements the 
California Coastal Zone Act. The CCC jointly implements the federal Coastal Zone 
Management Act with the San Francisco Bay Conservation and Development 
Commission. A coastal development permit is required for monitoring projects that entail 
any construction in the coastal zone (e.g., installation of monitoring equipment or other 
facilities). Where local governments have developed local coastal programs certified by 
the Coastal Commission, authority for issuing coastal zone permits is delegated to the 
applicable local government. For example, for monitoring projects that occur in the San 
Francisco Bay-Delta portion of the coastal zone, the Bay Conservation and 
Development Commission is responsible for issuing coastal zone permits. Chapter 18 in 
Volume 1 of the SER provides basic information on coastal permitting. 

The Caltrans NPDES Coordinator should be contacted to determine whether it is 
necessary to schedule consultation with the Caltrans Coastal Commission Liaisons and 
for assistance in obtaining a permit if one is required.  

7.2.3 TAHOE REGIONAL PLANNING AUTHORITY PERMIT   
The Tahoe Regional Planning Authority (TRPA) is charged with protecting the water 
quality of Lake Tahoe and issuing permits for activities that occur within its watershed. 
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Its policy specifically addresses activities that affect aesthetics, stream environment 
zones (SEZs), and associated hydrologic areas in the Lake Tahoe basin. 

The Caltrans NPDES Coordinator should be contacted to determine if a permit is 
required and for assistance in obtaining a permit if one is required.  

7.2.4 OTHER NON-CALTRANS APPROVALS   
Monitoring projects may require additional approvals or permits, in addition to those 
described above. Table 7.2 lists the non-Caltrans permits that may be required for a 
stormwater monitoring project. For example, monitoring projects that occur in areas that 
potentially contain significant important cultural resources, such as archaeological or 
historical sites, may require consultation with the State Historic Preservation Officer or 
Bureau of Indian Affairs. The Caltrans NPDES Coordinator should be contacted to 
determine if any other approvals are required and for assistance in obtaining any 
required approvals. 

Table 7-2  Non-Caltrans Permit Requirements 

Resource Affected Agency Permit 

Coastal Shoreline  
(except San Francisco Bay area) Coastal Commission Coastal Development Permit 

Coastal Shoreline 
(San Francisco Bay area) 

Bay Conservation and 
Development Commission Coastal Development Permit 

Lake Tahoe Watershed Tahoe Regional Planning 
Agency (TRPA) TRPA Project Permit 

Stream Environment Zone Tahoe Regional Planning 
Agency TRPA Project Permit 

Central Valley Floodways Reclamation Board Encroachment Permit 

Water US Army Corps of Engineers Section 404 Permit 

Water Regional Water Quality 
Control Board 

Section 401 Water Quality 
Certification 

Water State Water Resources 
Control Board NPDES Permit 

Water US Army Corps of Engineers Rivers and Harbors Act 
Section 10 Permit 

Groundwater Regional Water Quality 
Control Board NPDES Permit 

Fish and Wildlife Habitat CA Dept. of Fish and Wildlife Section 1602 Streambed 
Alteration Agreement 

Fish and Wildlife Habitat US Fish and Wildlife Endangered Species Act 
Section 7, Biological Opinion 
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Resource Affected Agency Permit 

Fish and Wildlife Habitat US Fish and Wildlife Migratory Bird Act 

Fish and Wildlife Habitat NOAA Fisheries Marine Mammal Protection 
Act 

Fish and Wildlife Habitat NOAA Fisheries Magnuson Stevens Act: 
Essential fish habitat 

Cultural Issues State Historic Preservation 
Office 

National Historic 
Preservation Act Section 
106 Programmatic 
Agreement 

Cultural Issues Advisory Council on Historic 
Preservation 

National Historic 
Preservation Act Section 
106 Programmatic 
Agreement 

Cultural Issues Native American Tribes Consultation 

Geology and Soils Local agencies Soil Boring, Clearing and 
grading permits 

Scenic Resources 
CEQA statutes Section 
21084(b), CEQA Guidelines 
Section 15300.2(d) 

Scenic Resources 
Evaluation 

Public Parks, Recreation Areas, 
Wildlife/Waterfowl Refuges, 
Historic Sites 

Department of Transportation 
Act (49 USC 303) Section 4(f) Caltrans Determination 

Private Property Property Owner Private Property Access 
Permit 

7.3 CONSTRUCTION GENERAL PERMIT REQUIREMENTS 
Construction activities associated with a monitoring project are subject to the 
requirements of the most recently adopted version of the Construction General Permit, 
NPDES General Permit for Storm Water Discharges associated with Construction and 
Land Disturbance Activities. Under this permit, a Storm Water Pollution Prevention Plan 
(SWPPP) is required for any construction activity resulting in greater than one acre (0.4 
hectare) of soil disturbance or is considered part of a larger Common Plan of 
Development totaling one acre. Development of a Water Pollution Control Program 
(WPCP) is required for construction activities resulting in less than one acre of soil 
disturbance.  

A SWPPP is rarely needed for monitoring projects; however, some monitoring projects 
may require preparation of a WPCP. The WPCP must comply with Section 7-1.01G 
(Water Quality) of the Caltrans Standard Specifications, and with any provisions 
specified in the contract. Guidelines, templates, and samples useful in preparation of a 
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8 EQUIPMENT INSTALLATION AND MAINTENANCE 

This chapter provides guidance for the installation and maintenance of stormwater 
monitoring equipment. For a discussion of the principles of operation of this equipment, 
see Chapter 4. 

The following aspects of equipment installation and maintenance are discussed in this 
chapter: 

• Flumes and weirs 

• Flow meters 

• Autosamplers 

• Sampler tubing, strainer, and conduit 

• Data loggers 

• Rain gauges 

• Telemetry 

• Protective equipment enclosures 

• Confined space entry 

• Equipment demobilization 

• Checking out/turning in equipment from/to Caltrans 

8.1 GENERAL DESIGN OF A CALTRANS STORMWATER MONITORING STATION 
A typical Caltrans automated monitoring station consists of the following components: 

• Flume or weir 

• Flow meter 

• Autosampler 

• Sample collection tubing and strainer 

• Composite sample container 

• Data logger 
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Figure 8-2  Schematic of an Automated Monitoring Station 

8.2 FLUMES AND WEIRS  
As discussed in Chapter 4, the two primary flow measurement devices used by Caltrans 
are flumes and weirs. It is possible to measure flow volume without these devices, but 
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much more accurate flow volume measurements can be made using a primary flow 
measurement device and automated flow meter together. 

The most important consideration when selecting a primary device is that it be the 
proper size for the expected flow rates. Flumes and weirs are calibrated for a minimum 
and maximum flow rate, and flow rates outside these limits will not be measured 
accurately. Also, flumes and weirs often constrict flow, and flumes and weirs that are 
too small may cause flooding upstream during heavy storms.  

Some minor construction is often required to install a primary device. These structures 
must be level and anchored to the ground securely, so they do not move over the life of 
the project. This is critical for accurate, consistent flow measurement. Ordinarily, this 
involves either partially embedding the device securely in the ground or constructing a 
concrete pad and anchoring the device to it.  

Prefabricated flumes and weirs are certified by the manufacturer to operate accurately 
within a specific range of flow rates. A prefabricated primary device must be installed 
according to the manufacturers’ specifications. 

8.2.1 FLUMES  
Flumes may be installed in channels of small-to-moderate size. In general, the width of 
the entrance to the flume should equal the width of the channel being monitored. The 
flume crest is usually set level with or slightly higher than the bed of the approach 
channel. Flumes may be set in concrete or earth or bolted to companion structures. 
When pouring concrete, the flume should be braced internally to prevent distortion of 
the flume walls.  

Water must enter the flume in a smooth, free-flowing manner, with minimal turbulence 
and uniform velocity across the width of the channel. To create these conditions there 
must be a section of straight length of channel upstream of the flume that is long 
enough to produce steady, uniform flow without standing waves. The straight length of 
channel required may be ten to 40 times the flume throat width, depending upon the 
channel geometry and flow conditions (Bos, 1989). Upstream turbulence can cause 
non-uniform flow in the flume itself, which can invalidate the stage-discharge 
relationship and result in erroneous flow measurements. 

The portion of the channel directly downstream of the flume should allow water to flow 
freely away from the flume. A downstream channel that is restricted or undersized can 
cause resistance to flow, creating a backwater effect. This condition is called 
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submerged flow, and it can cause water to back up into the flume, reducing the flow 
velocity and invalidating the flume’s stage-discharge relationship. Different flume 
designs have different levels of tolerance for submerged flow. Some flumes can operate 
under varying degrees of submergence using a correction factor. Other flume designs 
cannot tolerate any submergence; for example, an H-flume requires free-fall conditions 
at the downstream end. 

Because water accelerates through a flume, the deposition of sediment is not normally 
a serious problem. However, flumes can become clogged with debris. When 
constructing a monitoring site, consideration should be given to conditions upstream 
that could contribute vegetation, litter, or other materials that could get stuck while 
passing through a flume. 

8.2.2 WEIRS  
Weirs can be installed in channels and pipes of a wide range of sizes. A weir must be 
installed such that the approaching flow has negligible velocity and is free from 
turbulence. To achieve these conditions, the weir should be installed in a natural 
channel with a long approach and with little or no slope. When possible, the approach to 
a weir should be a straight channel for a distance of at least 20 times the maximum 
expected depth of water within the pool.  

Weirs must be constructed and installed to ensure water flows over the crest in free-fall, 
with air space between the nappe (flow over the weir) and the downstream face of the 
weir. A weir plate should be ⅛- to ¼-inch thick with a straight edge or a thicker plate 
with a downstream chamfered edge. The upstream edge of the weir must be sharp, with 
right angle corners. The upstream face should be smooth and perpendicular to the axis 
of the channel in both horizontal and vertical directions. The weir crest must be set 
higher than the water level downstream of the weir so water gravity-flows over the weir 
freely. The crest of the weir also must be exactly level to ensure a uniform depth of flow 
over the weir crest. 

For more information about design and installation of primary flow measurement 
devices, see Teledyne Isco (2008) and the Caltrans Standard Operating Procedures for 
Stormwater Flow Measurement Verification (Caltrans 2010). 

8.2.3 CALIBRATION AND MAINTENANCE OF FLUMES AND WEIRS  
Prefabricated primary flow measurement devices come calibrated from the 
manufacturer. Primary devices that are constructed onsite must be sized properly for 
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the expected range of flow rates (Caltrans 2010). Primary devices do not usually need 
to be recalibrated unless a condition at the site changes. 

Because stormwater flow usually carries sediment and debris, most primary devices 
require periodic cleaning of the approach channel. Regular cleaning and maintenance 
are recommended to assure measurement quality. Primary devices should be inspected 
before every storm event to make sure they are clean and do not show signs of wear or 
damage that could affect the measurement of flow rate. 

Weirs are fairly high-maintenance primary devices. When using a weir, it is important to 
inspect it frequently and remove sediment/debris that has accumulated behind it. 
Sediment and debris accumulated behind the weir or trapped on the crest may 
invalidate the head-discharge relationship and prevent the weir from operating properly. 

8.2.4 USE OF EXISTING CONVEYANCES  
There are circumstances where it may not be possible to install a primary flow 
measurement device. In these cases, the monitoring consultant must search the study 
area for locations where stormwater discharge flows through a natural or artificial 
conveyance, with a known geometry, that can be used for flow monitoring, in 
conjunction with a depth measurement device or an area-velocity flow meter. 

8.3 FLOW METERS  
Any instrument that measures the flow depth in a flume or weir may be considered a 
flow meter. However, in nearly all cases, Caltrans monitoring consultants use 
automated flow meters for this purpose. 

The configuration and flow characteristics of the channel determine the best type of 
automated flow meter to use for accurately measuring flow.  

Different flow meter sensors work on different principles, based on their mode of depth 
measurement, as described in Chapter 4. A meter must be selected that is appropriate 
for the hydraulic structure that is being used for flow measurement. The three types of 
depth-based flow meter sensors normally used by Caltrans are bubblers, pressure 
transducers, and ultrasonic sensors. A fourth kind of sensor, the area-velocity probe, is 
often used in situations where a primary device cannot be installed or where there are 
backwater effects. 
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The following discussion of various kinds of sensors is an overview. Flow meters should 
always be installed according to manufacturers’ specifications. See Table 4-4 for a 
comparison of the advantages and disadvantages of each kind of sensor. 

8.3.1 BUBBLER  
A bubbler-type flow meter makes use of a 1/8-inch vinyl tube that is submerged in the 
stormwater discharge, connected to a controller unit in the flow meter. The bubbler 
controller unit measures the amount of force that is required to push bubbles out of the 
end of the submerged tube. The amount of force required to push air out of the tube is 
proportional to the depth of the water.  

A bubbler tube must be installed at the invert (bottom) of the primary device at the point 
where flow is to be measured. The bubbler tube must be anchored securely in place 
and should not move over the life of the project. Any change in the position of the 
bubbler tube can cause a loss of accuracy.  

The bubbler tube should be routed so it slopes downward continuously from the flow 
meter to the flow stream so that any condensation that forms in the tubing will drain out 
of the tube. If moisture collects in a low spot in the tubing it could restrict the flow of air 
and cause erroneous readings. The opening of the bubbler tube must not point 
upstream in the pipe or channel. 

The length of bubbler tubing that runs between the channel and the controller should be 
as short as possible. Excess tubing increases the likelihood of cuts, kinks, and problems 
with condensation. The tube should be a single continuous piece, with no spliced 
connections. Care should be used during installation not to cut or kink the tubing. If 
possible, the tubing should be placed in a conduit to protect it from being kinked or 
damaged. 

8.3.2 PRESSURE TRANSDUCER  
A pressure transducer is a submerged sensor with a pressure-sensitive diaphragm. This 
diaphragm is deflected proportionately as the depth of flow increases. The amount of 
deflection is measured and transmitted to the controller unit, where it is converted into a 
measurement of flow rate. 

Pressure transducers must be placed at the invert of the primary device at the point 
where flow is to be measured. They should be placed to one side of the stream if 
possible so they are not in the path of silt that might build up around them. If possible, 
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the cord that connects the sensor to the controller unit should be placed in a conduit to 
protect it from damage. 

8.3.3 ULTRASONIC DEPTH SENSOR  
An ultrasonic depth sensor is mounted above the flow at the point in the primary device 
where depth is to be measured. The sensor emits a high-frequency ultrasonic pulse that 
is reflected off the surface of the water. The time that the pulse takes to echo back to 
the sensor is proportional to the flow depth. 

The ultrasonic sensor must be installed where there are no obstructions between it and 
the surface of the water. Ultrasonic pulses can reflect off any surface, such as ladder 
rungs or the side walls of the conveyance and create false readings.  

The sensor will stop reading the level when the water reaches the sensor housing, so it 
must be installed higher than the highest expected water level.  

8.3.4 AREA-VELOCITY PROBE  
An area-velocity probe continuously measures both depth and velocity of a stormwater 
flow.  

Depth is measured either by the bubbler technique or pressure transducer, as described 
above. The velocity sensor is integrated with either a bubbler tube or pressure 
transducer sensor. The velocity sensor emits an ultrasonic signal that measures the 
“Doppler” shift as reflected off particles in the moving water. 

Area-velocity probes are usually installed in locations where it is not possible to install a 
primary flow measurement device, and where an existing channel or conveyance must 
be used instead. An area-velocity probe must be placed at the invert of the pipe or 
channel at the point where flow is to be measured. The probe should be placed in the 
center of the channel so the ultrasonic pulse is directed down the center of the flow; a 
probe placed near the side of the channel will measure velocity closer to the channel 
wall, where the velocity may not be representative of the entire flow. Also, placing an 
area-velocity probe too near the side of a channel might cause the ultrasonic signal to 
bounce off the channel wall, which could cause a false reading. 

8.3.5 OTHER CONSIDERATIONS FOR PROBE INSTALLATION  
The cable that attaches the sensor to the flow meter must be mounted so that it 
prevents the cable from obstructing flow and interfering with the sensor. Because 
turbulence can significantly influence the sensor’s ability to take measurements in the 
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flow stream, placement of the sensor is extremely important. Avoid installing sensors 
near obstructions, vertical drops, pipe bends, and elbows, which can create turbulence. 
The sensor’s cable and conduit also must be secured in a manner that will not create 
turbulence.  

The cable or tube that connects the sensor to the flow meter should be housed in a 
conduit to the point at which it enters the protective enclosure. When installed in a pipe, 
bubbler tubes, pressure transducers, or area-velocity sensors must be located at the 
bottom of the pipe and far enough into the pipe so that water turbulence is minimized. 

8.4 FLOW METER INSTALLATION  
The flow meter is installed inside the protective equipment enclosure. This device must 
be securely fastened to the inside of the enclosure so that controls, display windows, 
and cable connections are easily accessible. Cables entering/exiting the flow meter 
must be secured to the inside of the enclosure to reduce the potential for accidental 
disconnection or damage.  

8.4.1 FLOW METER CALIBRATION AND MAINTENANCE  
The flow meter must be calibrated and maintained following the manufacturers’ 
instructions. This must be done at the start of each monitoring season and may require 
additional maintenance, based on the manufacturers’ recommendations. Calibration 
and maintenance requirements should be specified in the QAPP for the monitoring 
project (see Appendix A).   

Electronic sensors need occasional maintenance to assure that they are performing 
properly. The flow meter and sensor cables must be inspected prior to each stormwater 
monitoring season and after significant flow events occur. Connections between flow 
meter and sensor must be visually inspected prior to each monitoring event.   

General guidelines on the calibration and maintenance of typical sensors used in flow 
meter installations are presented below. 

8.4.1.1 BUBBLER 
Bubbler level meters are relatively simple devices and are typically not affected by wind, 
turbulence, surface foam, floating debris, or periods of dry weather between sampling 
periods. 
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11 SAMPLE COLLECTION AND HANDLING 

This chapter describes the types of samples, sample collection techniques, and sample 
handling methods used for Caltrans stormwater monitoring projects. This chapter also 
discusses sample documentation and sample transport to the laboratory. 

The project QAPP contains the information field crews need to collect, store, and 
transport samples, and to give instructions to the laboratory. 

Samples must be collected in certified clean containers that are clearly labeled. Cleaned 
sample containers and sampling equipment such as strainers and sampler tubing may 
be handled only while wearing clean, powder-free nitrile gloves. Laboratory-cleaned 
sampling equipment and composite containers are double-bagged in clean, re-sealable 
plastic bags for storage or shipment, and should be stored in a clean area with lids 
properly secured.   

The following aspects of sample collection and handling are discussed in this chapter: 

• Safety 

• Types of samples collected 

• Field filtration 

• Holding times 

• QA/QC sample collection 

• Documentation 

• Transportation of samples to the laboratory 

11.1 SAFETY  
Field crews must be deployed in teams of two or more, be physically capable of 
performing all tasks required for sample collection and be aware of any potential 
hazards on the site. Before stormwater samples are collected, monitoring personnel 
must evaluate the safety of performing sample collection activities. The following 
precautions should always be taken: 

• Each monitoring location must be evaluated by experienced field technicians to 
determine what hazards exist at each location and what steps field personnel 
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16 SEDIMENT SAMPLING AND ANALYSIS 

Nearly all Caltrans stormwater monitoring projects involve the collection and analysis 
only of aqueous samples such as stormwater runoff and receiving water. However, 
there may be circumstances where a project can also involve collecting sediment 
samples associated with stormwater runoff. Procedures for collecting and analyzing 
these sediment samples are discussed in this chapter. 

Caltrans also collects solid materials from roadways to characterize them before they 
enter the stormwater drainage system. Although not technically sediment, they are 
collected as solid samples and analyzed in the same way sediment samples are 
analyzed, as described in Section 16.6. 

This chapter discusses monitoring of sediment as a solid matrix. Solids suspended in 
water are discussed in Chapter 3. The following aspects of sediment monitoring are 
discussed in this section: 

• Drivers for sediment sampling 

• Project planning 

• Sample collection and handling 

• Collection methods and equipment 

• Laboratory selection 

• Sample analysis 

• Data validation 

• Reporting  

• Training 

16.1   DRIVERS FOR SEDIMENT SAMPLING 
Regulatory agencies are sometimes concerned about sediment buildup in receiving 
waters. High levels of sedimentation can cause physical disruption of the hydraulic 
characteristics of receiving waters. According to the EPA National Water Quality 
Inventory 2000 Report (USEPA 2002a), excessive sediment buildup was a leading 
cause of impairment of the nation’s waters. Over time, sediments deposited on the 



Chapter 16 – Sediment Sampling and Analysis 

297 

16.6   SEDIMENT SAMPLE ANALYSIS 
Sediment that accumulates in Caltrans-operated facilities often contains material such 
as leaves and twigs, litter, and other non-sediment debris. When the study objective 
requires sediment analysis be performed, it is necessary to decide beforehand which 
components of a sediment sample will be analyzed and which components will be 
discarded.  

For example, if the project objective is simply to determine the mass or volume of 
material that builds up in a conveyance over time, it would probably be appropriate to 
remove and weigh the entire sample, regardless of composition. On the other hand, if 
the purpose of the study were to characterize the degree to which sediment particles 
transport chemical compounds in stormwater, it would be necessary to separate the 
non-sediment materials from the sample before it is analyzed. Depending on what 
material needs to be removed, this could be done either by hand (picking out trash and 
debris), or by screening or sieving the sample through a device that traps the larger, 
unwanted material. 

Sediment samples may be analyzed for physical, chemical, and biological 
characteristics. The following kinds of sediment analyses are discussed in this chapter: 

• Weight 

• Volume 

• Grain size distribution 

• Chemistry 

• Toxicity testing 

16.6.1   WEIGHT  
Sediment samples can be weighed either by the monitoring consultant or by a 
laboratory. Samples should be weighed using an analytical scale with a capacity of at 
least five kilograms and be reported to the nearest gram. (This may vary depending on 
the project requirements and the nature of the sample.) Sediment samples should be 
thoroughly dried before they are weighed, and the results should be reported on a dry-
weight basis. 

When sediment is collected on filters or in bags, the weight of the filters or bags must be 
recorded before sample collection begins. After the sample has been collected, the 
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17 TOXICITY 

Many components of stormwater runoff and surface waters can have harmful (toxic) 
effects on aquatic animal and plant populations. Common stormwater runoff 
constituents include inorganic chemicals such as heavy metals and nutrients (various 
forms of nitrogen and phosphorous), synthetic organic compounds such as pesticides 
and petroleum hydrocarbons; physical factors such as pH, dissolved solids or turbidity; 
and biological factors such as bacteria and fungi; all of which may be harmful to aquatic 
species, when present in sufficient amounts. 

Toxicity testing is used to determine to what degree a sample is toxic to live organisms. 
Many kinds of toxicity testing procedures have been developed for different 
applications. A standard protocol for testing of environmental waters is the whole 
effluent toxicity (WET) test, originally developed to test the toxicity of effluent from 
wastewater treatment facilities. This is the toxicity testing procedure Caltrans most often 
uses to test toxicity in stormwater, conforming with Clean Water Act requirements, as 
specified in 40 CFR 136.3 Table 1A.  

Toxicity testing is considerably different from other kinds of water quality testing, such 
as chemical and microbiological analyses. Unlike most other laboratory tests that 
quantify the concentrations of individual chemical constituents in a water sample, a 
WET test measures the aggregate effect of the whole sample on a test species.  

Toxicity testing is performed by exposing live organisms to an environmental sample 
and then measuring their responses in terms of chronic endpoints (sub-lethal effects 
such as growth or reproductive success) and/or the acute endpoint (mortality), in 
comparison to a laboratory control sample. In cases where a toxic effect is found in the 
sample, additional testing can be performed to determine the nature of the substance in 
the sample that is causing toxicity, typically through a toxicity identification evaluation 
(TIE). 

Toxicity data are formatted differently than other kinds of water quality data, and adding 
WET testing to a monitoring project can involve additional logistical and sample-
collection considerations for field crews.  

The following topics are discussed in this chapter: 

• Toxicity testing methodology 
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if all of the test organisms in either an acute or chronic toxicity test were to die on the 
third day, the test would be ended. 

The advantages of the chronic toxicity test are that it can provide information about sub-
lethal toxic effects that might be caused by environmental samples, and that it may 
reveal a toxic effect that takes a longer period to manifest. The advantages of acute 
toxicity testing are that it is less expensive than chronic testing, and the relatively 
shorter exposure time might be more representative of the actual exposure of native 
organisms to stormwater runoff during storms. 

The decision about whether to perform acute or chronic toxicity testing for Caltrans must 
be made during the planning phase of a project based on the study questions, the 
nature of the monitoring site, and any regulatory requirements must be satisfied. 

It is sometimes possible to calculate an acute toxicity result from chronic toxicity data. 
This is possible because the laboratory makes toxicity measurements every day during 
a WET test. For some species, the data collected during the first 96 hours of a seven-
day test allow the laboratory to calculate the acute test result. In cases where both 
acute and chronic data are required for a project, the laboratory must be consulted 
about this before monitoring begins. Using a single chronic toxicity test to calculate both 
acute and chronic test data will reduce analytical costs because the laboratory will only 
need to perform one test to obtain both results.  

17.1.2   DILUTIONS 
For wastewater treatment plants, WET testing has historically been performed by 
exposing one group of test organisms to an undiluted environmental sample and other 
groups of organisms to the sample that has been diluted to various concentrations. This 
is called testing a dilution series. A dilution series allows calculation of the degree to 
which a sample is toxic to the test species. If a high degree of toxicity is observed in the 
undiluted sample, it may not be possible to determine the degree of the toxic effect from 
that one test. If a dilution series is used, it is expected that the toxic effects of the 
sample will decrease as the sample is diluted, and observing this decreased toxic 
response provides insight into the degree of toxicity. Testing an undiluted sample 
answers the question, “Is the sample toxic to the test species?” But it may be necessary 
to analyze a dilution series to answer the question, “How toxic is the sample to the test 
species?” 



Chapter 17 – Toxicity 

308 

environmental laboratories, which process and analyze them as wastewater. However, 
under certain circumstances, Caltrans also collects samples from estuarine and ocean 
locations, usually from sites that receive Caltrans stormwater runoff. These are marine 
water samples, which must be treated differently by the laboratory.  

WET testing methods are similar for fresh water and marine water samples, but there 
are a few differences. Different organisms must be used for testing fresh water and 
marine samples; the freshwater species normally used for Caltrans stormwater samples 
cannot survive in seawater.  

When the laboratory makes dilution water (Section 17.1.2), the process must be 
modified if seawater is the test matrix. Dilution water must be prepared with a salinity 
that is similar to the salinity of the sample. Laboratories bring the salinity of dilution 
water up to the level of seawater samples by adding a mixture of salts. There are 
several commercially available products to do this. They are made of natural seawater 
that has been dried into a solid mixture. Using this method, dilution water can be 
prepared that has the same salinity and mineral concentrations as natural seawater. 
When using organisms that are sensitive to the commercial sea-salt preparations, a 
laboratory may also alter the salinity of water using brine created from natural seawater.  

17.1.4   SAMPLE MATRIX – WATER AND SEDIMENTS 
Most toxicity testing performed for the Caltrans stormwater monitoring program involves 
testing of water samples, typically stormwater runoff from Caltrans facilities such as 
highways, parking lots, and maintenance yards. However, under certain circumstances, 
Caltrans may also collect sediment samples from catch basins, storm drainage 
systems, BMP installations, or other locations, and submit them for toxicity testing. 
Sediment samples must be treated differently by the laboratory, and the testing 
protocols (ASTM 2010, USEPA 1994, State Water Board 2009) and test species are 
somewhat different than those for water samples. The toxicity testing protocols 
described in this chapter focus principally on water testing. Refer to Chapter 16 for more 
information on sediment sampling and analyses procedures. 

17.2 TEST ORGANISMS 
Selecting the appropriate test species is one of the most critical factors when planning a 
toxicity testing program. Organisms used for toxicity testing by Caltrans are usually 
cultured specifically for that purpose, either by commercial scientific supply companies 
or by the laboratories themselves, under carefully controlled laboratory conditions. 
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Appendix A QUALITY ASSURANCE PROJECT PLAN TEMPLATE 

This appendix contains a QAPP template with associated appendices. This template is 
intended to be used to create standalone QAPP documents that can be modified for 
most Caltrans stormwater monitoring projects.  

The document contains entries that are to be changed to meet specific project 
requirements. These entries appear highlighted and in brackets. When using this 
document to create a new QAPP, fill in or delete these entries as necessary. Do not 
change any non-highlighted text without prior approval from your Caltrans Task Order 
Manager. 

This document comes in the three sections: 

• Main Document – including highlighted entries that must be either modified or 
deleted, depending on the requirements of the project. 

• Appendix A – a Sampling and Analysis Plan (SAP) that contains all of the 
monitoring procedures normally used by Caltrans. Refer to this SAP when 
modifying the QAPP, but do not change any text in Appendix A. 

• Appendix B – the set of equipment cleaning procedures normally used for 
Caltrans stormwater monitoring projects. Refer to this procedure when modifying 
the QAPP, but do not change any text in Appendix B. 

This appendix is included in standalone form on the compact disc that accompanies this 
manual. The QAPP template is updated from time to time; the version of the template 
included in this document is the current version as of the date of publication. Before 
creating a new project QAPP, consultants should always check with the Caltrans Task 
Order Manager to make sure they have the most recent version of the template, and 
always use the latest version when preparing a new guidance document.
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Appendix I PERFORMING ANALYSES IN THE FIELD 

I.1 FIELD MEASUREMENTS  
USEPA now requires pH measurements to be performed immediately in the field, not on 
samples that have been transported to the lab. Temperature must always be measured 
within the runoff stream. Typically, turbidity and dissolved oxygen are also measured in 
the field. 

I.1.1 TEMPERATURE  
Temperature is always taken directly from the runoff stream. Temperature can be taken 
with any reliable mercury-filled Celsius thermometer or with a thermistor (found in many 
modern field pH and conductivity meters). Infrared thermometers may also be used. An 
infrared thermometer is a handheld electronic device that measures the infrared 
intensity emitted by an object (in this case, a runoff stream) and converts it to a 
temperature. Infrared thermometers have the advantage that they can be used at a 
distance of several feet and do not require field personnel to collect a sample. This can 
be a safety benefit in areas where physical access to the runoff stream is difficult or 
precarious.  

I.1.2 PH, CONDUCTIVITY, DISSOLVED OXYGEN  
Field measurements of pH, conductivity, and dissolved oxygen are usually performed 
using ion-specific electrodes (ISEs). The ISE incorporates a transducer that converts 
the activity of the target ion in aqueous solution into a voltage. This voltage is converted 
to concentration by the instrument’s circuitry. 

Many analyses, including pH and conductivity, are dependent on temperature. Most 
modern ISEs also have the capacity to measure the temperature of the sample and to 
automatically compensate for temperature when calculating a value. These 
temperature-compensated ISEs should be used when performing temperature-
dependent analyses. 

To meet the USEPA requirement, field measurement of pH must be performed at the 
time of grab sample collection as well as at the time of composite sample collection. 
The measurement should be performed using a meter equipped with a glass electrode 
in which the electrolyte solution can be replaced. Because the accuracy of field pH 
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Appendix M METHODS FOR PHYSICAL AND AGGREGATE PROPERTIES 

M.1 METHODS FOR PHYSICAL AND AGGREGATE PROPERTIES 
Physical and aggregate properties of stormwater generally include temperature, pH, 
turbidity, suspended and dissolved solids, conductivity, dissolved oxygen, and 
hardness.  

Tests for temperature, pH, and dissolved oxygen must be performed in the field. These 
properties of stormwater change quickly over time and cannot be reliably tested in the 
laboratory. Field testing must be performed by experienced technicians trained to use 
the analytical equipment and observe good QC practices. Field equipment must be 
calibrated, used, and maintained in accordance with manufacturers’ instructions. 

M.1.1 TEMPERATURE  
Temperature is always taken directly from the runoff stream. Temperature can be taken 
with any reliable mercury-filled Celsius thermometer or with a thermistor (found in many 
modern field pH and conductivity meters). Infrared thermometers may also be used. An 
infrared thermometer is a handheld electronic device that measures the infrared 
intensity emitted by an object (in this case, a runoff stream) and converts it to a 
temperature. Infrared thermometers have the advantage that they can be used at a 
distance of several feet, and do not require field personnel to collect a sample. This can 
be a safety benefit in areas where physical access to the runoff stream is difficult or 
precarious.  

M.1.2 PH, CONDUCTIVITY, DISSOLVED OXYGEN 
pH, conductivity, and dissolved oxygen tests are usually performed using ion-specific 
electrodes (ISEs). There are several different designs of ISE, but all designs incorporate 
a transducer that converts the activity of a particular ion in aqueous solution into a 
voltage. The target ion flows across an ion-specific membrane, generating an electronic 
potential between two electrodes, and this potential is proportional to the amount of 
target ion in the sample. This voltage is converted to concentration by the instrument’s 
circuitry. 

Many analyses, including pH and conductivity, are temperature-dependent. Most 
modern ISEs also have the capacity to measure the temperature of the sample and to 


